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Transactions  of  II  Ail-Onion  Confarence  on  tha  charged  particle 
accelerators,  Vol.  II.  Publishing  house  "science**,  1972. 

In  worfcs  of  tha  II  Ail-Union  confarence  on  charged  particle 
accelerators  ara  placed  the  aaterials,  which  reflect  the  contemporary 
state  of  then  ;y  and  of  accelerators  technique.  In  Soviet  and  foreign 
specialists'  reports  they  are  described  newest  accelerators  of 
different  types  as  well  as  aost  important  systees  and  elenents/cells 
of  accelerators.  The  transactions  of  conference  are  published  in  two 
woluae3.  The  second  that  are  connected  questions  of  particle 
dynaaics,  and,  in  particular,  the  dynaaics  of  intense  beans,  radio 
electronics  and  radio  engineering  of  accelerators,  control  of 
accelerators  with  the  aid  of  the  computers,  the  transportation  of 
oeaas  and  others. 

Tha  aaterials  of  conference  will  be  useful  for  specialists, 
connected  with  developaent  and  operation  of  charged  particle 
accelerators. 

Organizers  of  conference  the  Acadeay  of  Sciences  of  the  USSR  state 
counittae  on  the  use  of  atonic  energy  of  the  USSR. 
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Page  3. 

Proa  th8  editor. 

To  second  All-Union  Conference  on  the  charged  particle 
accelerators  were  represented  17S  reports,  110  of  which  were  reported 
at  twelve  sessions  of  conference  and  special  seainars. 

In  the  worts  are  published,  with  soae  saall  exceptions,  all 
represented  to  the  conference  reports,  and  also  materials  of 
discussion.  The  transactions  of  conference  are  published  in  two 
voluaes. . 

Second  voluae  includes  reports  at  the  VII-XII  sessions  of 
conference. 

It  i3  possible  to  hope  that  containing  in  the  reports  and  the 
discussions  useful  information  will  be  used  by  specialists  in  their 
daily  activity. 
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Session  VII. 

Particle  dynaaics  in  the  accelerators,  the  accu aula tors;ftrtee age  and 
G.C  )  /  /  o/ia/a 

units  with  elachieg  be a as  (1). 

84.  Longitudinal  covpression  of  clusters. 

y 

I.  A.  Srishasw,  A.  ».  Dovbnya,  V.  ?.  Petrenko. 

(Physiotechnical  institute  of  AS  UJcSSR) .  . 

One  of  the  basic  factors,  which  liait  obtaining  snail  energy 
spreads  in  the  linear  electron  accelerators,  is  the  phase  width  of 
the  injected  cluster.  For  guaranteeing  the  energy  spreads  of  bean 
~10“*  it  is  necessary  to  create  at  the  output  of  injector  accelerator 
clusters  with  phase  sizes/diaensions  of  ->1°.  obtaining  such  clusters 
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is  connected  with  the  great  difficulties,  caused  by  the  action  of  the 
forces  of  space  charge  in  the  case  of  applying  klystron  type 
grouping.  But  if  for  the  formation  of  short  cluster  is  applied 
high~frequency  punch,  then  obtaining  short  clusters  is 
con jugated/coabined  with  the  large  losses  of  current. 


In  this  work  is  proposed  the  method  of  the  formation  of  the 
short  clusters,  applied  also  in  relativistic  region  where  by  the 
action  of  space  charge  with  the  currents  in  several  amperes  it  is 
possible  to  virtually  disregard  and,  thus,  to  eliainata  liaitations 
to  obtaining  of  supershort  clusters.  The  diagram  of  method  is  shown 
in  Pig.  1. 


let  us  examine  the  case  when  in  HF-separator  is  propagated  with 
the  speed  of  light  the  traveling  wave  with  the  transverse  electric 
field  whose  vector  lies/rests  at  the  horizontal  plane  [ 1,  Then 


*  S  d 


e  S  d 1  .  ’  i 

Xc.__5vntf  +  *od  +  *0, 


si-n^  +  x,, , 


(l) 


where  x0.  x0'  -  radial-  angular  characteristics  of  beam  at  the 

f  ' 

entrance  into  the  separator;  end  xe  ~  the  saae  at  the  output  of 

separator;  e  -  electron  charge;  6  -  amplitude  of  BP  field;  #  - 
phase;  d  -  length  of  separator  and  E  -  energy  of  particle. 
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HF-separator  creates  the  relation  of  the  characteristics  of 
beam  at  the  entrance  into  the  solenoid  with  the  phase  HP  field.  After 
making  the  appropriate  transformations  of  coordinates  of  particles 
[3,  4  ]  and  aftar  determining  the  particle  path  lengths,  it  is  easy  to 
find  expression  for  the  phase  on  the  output  of  the  solenoid: 


♦*r  ♦«)"  * 


[^(2+ 2x'0 xa ( e + d) + Xq  +  (2) 


♦a[xUo-^-*W'o(e*d>]l  » 

where  s  -  length  of  solenoid;  A  -  wavelength  of  HP  oscillations; 
a  -  _  field  0f  solenoid;  t  -  distance  between  an 

HP-saparator  and  the  solenoid:  ya  and  y„«  -  initial  characteristics 
of  bean  in  the  vertical  plane. 


The  investigation  of  this  expression  shows  that  the  bundle  of 
electrons,  after  traversing  this  system*  can  be  reduced.  Pig.  2  shows 
the  dependence  of  the  exit  phase  of  particle  on  tha  input  under  the 
condition;  x„«  y.#  -  o,  *o  ■  Vo  =  °*  E'5  H#T'  S  ”  ^  kf/ci,  d=3  cm,  A=10 
cm,  l  =  28  cm,  s*260  cm  and  H=200Q  e.  As  can  be  seen  from  graph/curve, 
if  the  beginning  of  clustar  is  arranged  in  region  of  20®,  then  at  the 
output  of  solenoid  its  phase  width  will  be  about  1®  with  the  initial 
extent  of  approximately  50°.  , 
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Por  axplaining  the  "real1*  picture  the  process  of  shortening  of 
cluster  with  the  aid  of  the  specific  routine  was  siaulatad  according 
to  the  aethod  of  Boats  Carlo  on  coaputers  M-220A.  in  the  paraaeters: 
*o-ya-±°*  1  X*0=y'0=f1. 10~3  rad;  b=5  (1+- 0.04)  MeT;  S  -  82  (U- 

Q.005)  kv/ca;  d=3  ca;  X=1Q  ca;  €-28  ci;  s=260  ca;  H=2Q13  e  and  two 
thousand  tests  (N=2000)  are  obtained  the  following  results. 


£'  x  »  **• ?J*i3 
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Pig.  1.  The  diagram  of  aethod  Ch>  Ck  -  clusters  in  the  initial  and 
in  final  states;  1  and  2  -  particle  trajectory,  arrangad/located 
respectively  in  the  beginning  and  at  the  end  of  the  cluster. 


Key:  (1).  separator.  (2).  solenoid. 


Page  6. 


Pig.  3  gives  the  histograe  of  particle  distribution  according  to 
the  phases  at  the  output  of  solenoid,  froe  which  it  is  evident  that 
into  83 o/o  of  cases  the  region  of  exit  phases  is  located  in  interval 
of  6°.  aowever,  if  we  consider  real  particle  distributions  in  the 
cluster  according  to  the  intensity,  then  the  percentage  of  current  in 
this  interval  of  phases  will  be  still  large. 


Pig.  4  shows  calculated  horizontal  eeittance  at  the  output  of 
the  systee  of  phase  coapression.  Since  the  action  of  an  HP-separator 
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becoaes  apparent  only  into  the  horizontal  of  plane,  then  vertical 
enittance  changes  insignificantly.  As  can  be  seen  froa  figure, 
horizontal  eaittance  during  the  phase  coapression  considerably 
increases. 

The  longitudinal  coapression  of  cluster  can  occur  also  in  the 
fields  of  another  type,  for  example,  in  the  quadrupole  ones,  the 
sector  ones,  etc.  For  the  quadrupole  channel  of  the  type  PD  with  the 
gradient  of  800  Oe/ca  and  the  length  of  lens  3  cm  the  solution  of  the 
problem  of  the  coapression  of  the  cluster  was  found  by  siaulation  in 
the  analog  computer  MN-7M. 

For  the  beam  with  the  wave  energy  5  He¥  the  dependence  of  exit 
phase  on  the  input  is  shown  in  Fig.  shch.  By  parameter  of  the  curves 
is  the  length  of  quadrupole  channel.  Froa  given  data  it  follows  that 
at  the  length  of  channel  270  cm  and  with  the  appropriate  phasing  the 
cluster  in  initial  phase  width  approximately  45®  can  be  presssed  to 
*1°, 

If  for  tha  creation  of  the  required  path  difference  is  applied 
sector  aagnet,  then  expression  for  the  phase  of  particle  at  the 
output  of  the  system  of  compression  is  represented  in  the  analytical 
fora.  And  in  this  case  system  possesses  the  property  of  the 
coapression  of  cluster  siailarly  how  this  is  obtained  in  the  systea 
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with  tha  solenoid, 

Tha  analysis  of  systsas  examined  here  shows  that  the  process  of 
coapressing  tha  cluster  different  factors  affect  differently.  In 
particular,  one  group  of  factors  to  which  they  relate  the  initial 
geoaetric  characteristics  of  beaa,  larger  effect  exerts  to  the  phase 
sizes /dimensions;  the  second  group  which  encoapasses  energy  spread, 
fluctuations  VCh  and  aagnetic  field,  aore  greatly  it  affects  the 
process  of  changing  the  effective  eaittance. 

The  experiaental  investigations,  conducted  froa  the  linear 
accelerators  of  PTI  of  AS  OJcSSH,  showed  that  the  use/application  of 
these  aethods  for  obtaining  the  very  short  clusters  is  promising.  The 
decrease  of  tha  effective  eaittance  of  bean  should  be,  obviously, 
linked  with  the  search  of  the  systems  which  would  be  non-dispersion 
and  at  the  sane  tine  anisochronic. 
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Fig.  2.  Fig.  3. 

Fig.  2.  Dapendenca  of  exit  phase  of  particle  on  input 

Key:  (1).  deg. 

Fig.  3.  Particla  distribution  according  to  phases. 


Key:  (1).  deg 
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Pig.  4.  Baittance  of  beam. 

Kay:  (11  .  rad. 

Pig.  5.  Phase  responses  for  guadrupole  aagnetic  pipe  of  length 
s=0;  2  -  s=120  :a;  3  -  s=204  ca;  4  -  s=270  c«,  5  -  s=360  ca. 

Key:  (1).  deg«. 

REFERENCES 

1.  A.  A.  Bagin,  V.  I.  Kotov,  I.V.  Semenyushchkin . 

LJFM ,  1964 ,  4,  707- 

2.  V.  I.  Kotov,  V.  V.  Miller.  Focusing  and  Separation 

by  Masses  of  High-Energy  Particles.  M.,  Atomizdat,  1969* 

3.  J.  Hassinski.  Nucl.  Instrument  and  Methods,  1967, 

51,  N  2,  181. 

4.  D.  Ritson.  Experimental  Methods  in  High-Energy  Physics. 
M.,  Izd-vo  "Nauka",  1964 


DOC  =  80069301 


PAG2 


n 

Page  7. 

85.  Ose  of  a  high-frequency  guadrupole  focusing  in  the  linear  ion 
accelerators. 

v.  A.  T9plyakov. 

{Institute  of  high-energy  physics). 

All  contemporary  linear  accelerators  of  protons  ace  constructed 
on  the  basis  of  the  cylindrical  cavity,  loaded  with  the  drift  tubes, 
in  which  are  placed  eagnetic  guadrupole  lenses.  Accelerators  of  this 
type  are  well  investigated  and  structure lly/con structurally  finished. 
The  attempts  to  use  the  focusing  of  protons  by  accelerating  field  in 
cylindrical  cavity  [1-4]  ware  not  crowned  by  success,  and,  possibly  ; 
therefore  to  the  davelopaent  of  accelerators  with  tiie  focusing  by 
accelerating  field  it  was  not  givan  proper  attention.  However,  the 
diverse  variants  of  focusing  by  high-frequency  field  in  the 
accelerating  systems  with  the  use  of  H-resonators  are  of  doubtless 
practical  interest.  Therefore,  examining  in  the  report  only  one  of 
the  versions  of  focusing  ny  the  accelerating  field:  focusing  by  HP 
guadrupole  field,  it  is  necessary  to  dwell  also  on  the  special 
features/peculiarities  of  H-rasonators  as  the  structural/design  basis 
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of  accelerator. 

1.  Single  clearance. 

In  the  description  of  interaction  of  ions  with  HP  field  of  one 
accelerating  gap  it  is  convenient  to  use  the  expansion  of  scalar 
potential  in  the  series/row  in  the  eigenfunctions  of  cylindrical 
coordinate  system.  During  this  resolution  in  the  linear 
approxiaation/approach  hy  essential  ones  for  interaction  prove  to  be 
only  two  components  of  the  field:  axially  syaaetrical  and  guadrupole. 
Since  a  change  in  the  speed  of  ion  in  one  clearance  is  saall,  froa 
the  resolution  of  these  coaponents  of  field  in  the  series/row  in 
terns  of  z  (Z-axis  coincides  with  the  axis/axle  of  accelerator)  it 
suffices  to  hold  down/retain  only  one  harmonic.  Thr.s,  for  describing 
that  part  of  the  field  with  which  the  ion  effectively  interacts,  it 
suffices  to  introduce  three  paraaeters: 

u  -  ~^-eoi  tot  £-1,  (^)3inK,a*cos2il>Ia(^)* 

Here  u  -  scalar  potential;  k-  wavelength;  *»,♦,  *  - 

cylindrical  coordinate  system;  e',  6"  •  parameters  of  clearance. 

Tia9  t0  of  passage  by  the  particle  of  the  center  of  clearance 
determines  the  phase  of  particle  (f-wt,: 
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A  changa  in  tha  energy  of  particla  on  one  clearance  is 
determined  by  the  axisyaeetric  component 

Ay-^Loo.*,  (|-^).  (2) 

The  paraaatar  A  wa  will  call  the  affectiveness  of  interaction  of 
particle  with  the  field.  A  change  in  th9  transversa  particle  aoaentua 
is  daterained  by  the  axially  sy Metrical,  and  gnadrupole  coeponents 
of  the  field: 

Here  H  -  nultiplicity  of  the  period  of  acceleration,  value, 
reciprocal  to  the  nuaber  of  clearances  to  JJfc;  G-e'sinjp+e'aj**  - 
"guadrupole  nature  "  of  clearance. 

2.  Versions  of  HF  focusings. 

It  is  possible  to  construct  differant  typos  of 
alternating-gradients  focusing  by  accelerating  field.  In  the  first 
half-period  of  the  focusing 

h*a(4-)-!*S, 


(4*) 


but  the  second 
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where  »z  and  $  1st  as  name/call  the  parameters  of  focusing. 


If  it  is  afterward  axially  symmetrical,  and  the  phase  of 
p&rticlas  in  th8  adjacent  clearances  is  determined  by  expression 

then  tus  parameters  or  this  alternating-phase  focusing  [2,  5] 
are  agual  to: 

2  -  sin  if' cos  9, 

_  JlNAW  ,  (5) 

—  C099 

Hith  the  focusing  by  HP  guadrupola  field,  if  in  the  adjacent 
clearances  changes  only  sign  *  (PD-  focusing) ,  then 


_  . 

2  ”  sln 


s  "*  — (6  svn  eo»<p) , 


Pocusiag  by  HP  field  can  have  more  complicated  structure,  if  in 
the  adjacent  half-periods  changes  both  the  phase  of  synchronous 
particle  and  guadrupole  nature  of  clearances. 


3.  Fundamental  principles. 


As  for  any  alternating- gradient  focusing,  for  the  focusing  by 
accelerating  field  there  is  a  zone  of  stability.  Fig.  1  gives  the 
typical  diagram  of  the  zone  of  stability  with  the  plotted/applied  on 


DOC  =  80069301 


PAGE 


it  linos  of  paraanent  phase  change  of  transverse  vibrations  in  the 
period  of  focusing  (y)  and  the  linos  of  minimum  frequency  (  V  - 
frequency  of  transverse  vibrations  to  scale  of  the  tiae  of  flight  of 
one  period  of  focusing). 

?ros  (5)  and  (6)  it  is  evident  that  in  the  process  of 
longitudinal  (phase)  oscillations  the  states  of  particles  on  the 
diagrae  of  stability  retain  in  the  cut  of  the  ellipse  (see  Fig.  1) . 

Page  8. 

(With  the  focusing  with  the  Magnetic  quadrupole  lenses  of  the  state 
of  particles  they  eove  over  the  segeant  of  line,  parallel  axis  of 
abscissas) .  Paraeetric  connection/coee unication  of  transverse  aotion 
with  the  longitudinal  leads  to  an  increase  in  the  eeittance  of  beaa 
[6].  If  beaa  is  matched  with  the  channel,  all  particles  of  the 
accelerated  cluster  are  sot  distinguished  on  phase  change  y,  and  a 
change  in  frequency  9  occurs  adie.batically  slowly,  then  the 
eaittance  of  beaa  will  retain  constant/invariable.  Focusing  by  HF 
quadrupole  field  (6)  Bates  it  possible  to  create  conditions  with 
which  the  eaittance  of  beaa  will  remain  almost  constant/invariable. 

i-illows  (5)  and  (6)  it  is  evidant  that  parameter  of  defocusing 
l  -  the  low  value,  proportional  to  a  relative  change  in  the  energy 
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of  ion  on  the  clearance.  The  parameter  of  focusing  %,  as  this  follows 
fro*  the  diagram  of  the  staoility  Pig.  1,  aust  be  5-10  times  aore. 
This  aeans  that  the  amplitude  of  guadrupole  coaponent  aust  be  in  so 
aany  once  of  aore  than  the  amplitude  of  axially  symmetrical 
component. 

It  is  possible  to  show  that  the  maximum  strength  of  field 
according  to  (1)  within  the  cylinder  of  radius  Ra  is  egual  to  aaxiaua 
radial  component  of  the  strength  of  field.  Therefore  the  aaxiaua 
intensity/strength  of  the  field 

<7> 

The  maximum  strength  of  field  on  the  surface  of  real  electrodes 
with  a  radius  of  aperture  of  Ra  can  several  times  exceed  estimation 
<7). 


If  ve  consider  that  there  is  a  certain  aaxiaua  strength  of  field 
with  which  it  is  possible  to  virtually  work,  then  dependence  (7)  sets 
limitation  on  a  radius  of  aperture  and  the  permissible  change  in  the 
energy  on  one  clearance,  numerical  estimation  according  to  (7)  shews 
that  the  focusing  by  HP  quadrupole  field  is  in  principle  attained.  It 
is  necessary  to  only  fine  the  structurally/constructurally  acceptable 
electrodes,  the  strength  of  field  on  surface  of  which  it  would  not 
strongly  exceed  estimation  according  to  (7) . 


! 

j 

i 


|] 


3 

1 
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A  possible  large  change  in  the  energy  per  the  unit  of  length 
does  not  succeed  in  realizing  in  the  cylindrical  cavity,  since  in  it 
the  significant  part  of  the  path  particle  eust  fly  in  the  drift, 
without  interacting  with  accelerating  field.  So  that  would  increase 
the  rate  of  acceleration,  it  is  necessary  to  increase  a  number  of 
clearances  on  the  cutting  off  0X.  This  can  be  made  in  the  resonators, 
in  which  phase  displaceaent  of  voltages  in  the  adjacent  clearances 
lass  or  is  equal  to  v,  for  example,  in  H-rasonators.  only  in  such 
cases  in  which  the  particle  interacts  with  HP  field  on  entire  path  in 
the  accelerator,  it  is  possible  to  attain  the  high  rate  of 
acceleration  and  large  capacity  of  the  focusing  channel. 
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Pig.  1.  Diagram  of  the  zone  of  stability.  1  -  >>- const;  2  -  p=const;  3 
-  carve  of  state  of  particles. 


II 


4.  Electrodes. 


By  the  simplest  version  of  the  electrodes  by  which  are  created 

the  aecessary  components  of  field,  are  drift  tubes  with  the  channel 

a > 

of  rectangular  cross  section  [3,  4]  (Pig.  1*,  b) .  These  electrodes 
can  be  used  in  the  accelerators  with  the  low  current  and  the  low 
speed  of  ions.  They  are  of  doubtless  interest  in  the  accelerator  with 
the  coabined  focusing:  alternating-phase  and  by  HP  guadrupole  [8]. 


Electrodes  with  the  "horns*  [1,  9]  (Pig.  2c)  aake  it  possible  to 
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obtain  tha  guadrupole  component  of  field  with  tha  saaller  strength  of 
field  on  surface  of  electrodes.  These  electrodes  can  be  applied  to 
the  higher  speeds  of  ions,  with  thea  is  reached  tha  higher  linearity 
of  the  strength  of  field  on  a  radius. 
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Pig.  2.  Poras  of  electrodes.  a,  b)  with  the  rectangular  channel;  c) 
electrodes  with  the  "horns";  d#  e)  dual  clearance;  f)  four-wire  line. 

Page  9. 

Both  electrodes  with  the  channel  of  rectangular  cross  section 
and  electrodes  with  the  "horns"  possess  the  specific  syaaetry  in  z 
relative  to  the  center  of  clearance;  therefore  they  do  not  aake  it 
possible  to  obtain  necessary  phase  displacement  between  the  axially 
syaeetrical  and  quadrupcle  components.  If  we  introduce  in  the 


\ 
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clearances  supplementary  electrode  with  the  intermediate  potential 
(Pig.  21,  e)  ,  then  will  be  obtained  so-called  dual  clearance  [9].  It 
it  is  easy  to  sake  asymmetric  relative  to  electrical  center  and  to 
attain  the  necessary  phasing  of  the  focusing  component  of  field 
furthermore,,  in  the  dual  clearance  even  more  greatly  descends  the 
strength  of  field  on  the  surface  of  electrodes. 

Specifically,  dual  clearance  makes  it  possible  to  realize  the 
major  advantages  of  focusing  by  accelerating  field. 

If  synchronous  phase  lies/rests  at  interval  20°<ij<37o,  then  in 

c 

the  optimum  version  of  dual  clearance  the  first  half  clearance  is 
axially  symmetrical  (Pig.  2d)  [7], 


At  the  low  speeds  of  ions  and  in  large  synchronous  phase 
the  fields  of  separate  claarances  near  the  axis/axle  overlap.  In  the 
case  of  a  PD- focusing  in  the  resolution  of  the  scalar  potential  by 
which  is  described  the  field  of  many  clearances,  fundamental 
component  of  guadrupole  component  does  not  depend  on  z.  A  field  with 
the  scalar  potential 

,  a 


stn  k,*+^jLe*aaco«2(|»| 


(8) 


can  b9  utilized  for  focusing  and  accelerating  the  beam  in  the  initial 
part  of  accelerator  [10,  11].  The  electrodes,  with  the  aid  of  which 
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is  created  potential  (8),  are  given  in  Pig.  2f.  They  for*  the 
four-wire  line  whose  adjacent  conductors  have  a  potential  difference 
♦-Ocosut.  Bach  of  the  conductors  of  line  is  body  of  revolution  with 
the  radius  of  envelope,  which  depends  on  longitudinal  coordinate. 

This  version  of  the  focusing  electrodes  lakes  it  possible  to  begin 
acceleration  froi  the  very  low  speeds  of  ions,  since  the  focusing 
properties  of  unifora  along  the  length  of  HF  guadrupole  field  depend 
neither  on  the  phase  nor  on  the  speed  of  ion.  The  paraaeters  of 
focusing  in  this  case 

JlOt  rr  ,  » 

(*;) »  (9) 

where  R0  -  average  distance  froa  the  axis/axle  to  the  nearest  point 
of  electrode. 

5.  Initial  part  of  accelerator. 

h  reduction  in  the  energy  of  injection  into  the  linear 
accelerator  without  the  decrease  of  the  intensity  of  bean  is  possible 
only  with  a  substantial  change  of  the  operating  node  in  the  initial 
part  of  the  accelerator  (HChU).  so  that  the  high  charge  density  in 
the  clusters  would  not  lead  to  the  liaitation  of  the  accelerated 
current,  the  3izes/diaensions  of  cluster  (its  length  and  radius)  aust 
raaain  constant/invariable.  The  invariability  of  the  length  of 
cluster  is  provided  with  satisfaction  of  three  conditions: 
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1)  is  retained  along  the  length  the  frequency  of  the  snail 
longitudinal  oscillations: 

„5_$Usln(#e  _  AW  . 

&<T  2W  sU,^e“  const;  ( 10) 

2)  is  retained  the  extent  of  stability  region,  which  occurs,  if 


£et$*T'*  con»t; 


(11) 


3)  the  states  of  particles  at  the  input  of  NChO  evenly  fill 
entire  stability  region  of  axial  notion,  which  to  a  certain  degree  is 
provided  with  the  aid  of  high-frequency  denonochronator  of  bean* 


The  notion  of  synchronous  particle  in  NChr  is  described  by  the 
equalities 


(12) 


*  \co»g0  (Hint fcj' 


Here  »•  -  synchronous  phase  at  the  input  of  NChtJ;  *  -  longitudinal 
coordinate  of  the  center  of  clearance. 


Acceleration  in  itcho  begins  froe  the  synchronous  phases,  close 


to  90®.  Therefore  upon  the  acceleration  of  feeble  beais  the 
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coefficient  of  capture  is  close  to  lOOo/o. 

The  eaittance  of  beam  in  HChO  grows/rises,  but  this  does  not 
lead  to  the  loss  of  particles. 

6.  H-rasonator. 

Th9  structural  basis  of  linear  accelerator  with  HP  focusing 
compose  different  modifications  of  a  H-resonator.  An  H-resonator  we 
named/called  [12]  such  cavity  resonators,  in  which  is  excited  uniform 
along  the  length  magnetic  flux  with  the  vector  of  magnetic  intensity, 
parallel  to  the  axis/axle  of  accelerator.  The  simplest  version  of  an 
H-resonator  is  given  in  Fig.  3.  It  is  the  single  turn  from  the  very 
wide  strip/film,  placed  into  the  screen.  Haximum  HP  voltage  acts  on 
the  slot  of  turn.  It  does  not  depend  on  longitudinal  coordinates. 
Accelerating  electrodes  alternately  are  connected  up  first  to  one, 
then  to  another  end/lead  of  the  turn  they  distort  the  form  of  field 
in  the  manner  that  this  is  necessary  for  the  creation  by  that 
focusing  and  that  accelerating  component. 


DCC  =  80069301 


PAGE 


h\ 


Pig.  3.  An  H-resonator.  Kay:  (1).  Cover/cap  is  takan/raaoved.  (2). 
on.  (3).  Housing  raooved. 

Page  10. 

Dynodes  are  fastened  to  the  legs  which  intersect  turn  according  to 
its  diaeeter. 

4 

Tha  working  wavelength  of  an  H-resonator  in  essence  is 
determined  by  an  inside  radius  of  turn  Rt 


Here  26D  -  width  of  slot  in  the  turn;  cf  -  capacity /capacitance. 


f 


4 


if. 
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created  by  drift  tubes;  Cu,  -  shunt  capacity/capacitance  of  the 
equivalent  diagram  of  the  resonator 


:  +  _ L_ l 

“  a  [_4  +  oT^FJ- 


(14) 


Shunt  resistance  of  the  equivalent  diagram  of  the  resonator 


1800 jca(  k<  f?<)  X 


(IS) 


where  Zp  -  length  of  resonator;  R*  -  specific  surface/s  kin  ohmage. 

-1/2 

Por  copper  Ra“0,047X  ,  where  A  -  wavelangth  in  cm,  2BZ  -  diameter  of 
screen.  Usually  Ht/R2=0.6. 

In  comparison  with  the  cylindrical  cavity,  which  works  on  the 
sane  wave  and  with  the  sane  linear  acceleration,  an  H-rasonator  is 
3-4  tinas  less  in  the  diameter,  in  it  it  reserves  itself  almost  by  an 
order  lass  HP  enargy,  and  power  loss  in  copper 

approximately/axemplarily  the  same;  therefore  an  H-resonator  does  not 
allow/assume  large  capacitive  load  and  in  practice  does  not  make  it 
possible  to  produce  the  acceleration  of  ions  with  the  use  of  stored 
energy. 

In  the  well  adjusted  H-resonator  the  adjacent  in  the  frequency 
types  of  oscillations  are  sufficiently  distant  from  the  basis; 
therefore  the  washing  of  resonator  it  does  not  cause  any 
difficulties.  The  construction/design  of  an  H-resonator  makes  it 
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possible  to  easily  suppress  HP  rasonance  electronic  load  by  ths 
method  of  feed  to  the  turn  of  bias  voltage  relative  to  container. 

Saall  transverse  sizes/dimensions,  simplicity  and 
manufacturability  of  the  entire  accelerating  system  -  basic 
advantages  of  an  H-rescnatora 

As  has  already  been  spoken,  for  the  acceleration  and  the 
focusing  in  HChO  is  applied  a  heterogeneous  along  the  length 
four-wire  line,  which  represents  too  great  a  capacitive  load  for  an 
S- resonator.  Therefore  in  IfChU  is  applied  fonr-chamber  resonator 
[10],  which  reminds  by  itself  the  greatly  extended  in  length 
resonator  of  four-chamber  magnetron  or  dual  H-resonator. 

Dual  H-resonator  (Pig.  4)  consists  of  the  the  external  of  a 
duct-3crean  and  two  ducts  with  the  section/cut  on  the  generatrix, 
inserted  in  it.  Ducts  with  the  section/cut  it  is  the  resounding 
turns.  Hagnetic  flux  in  them  is  cophasal.  Capacitive  load  create 
electrodes  "four-wire  lines'*  (Pig.  2f) . 

As  the  illustration  of  the  possibilities  of  focusing  by  HP 
guadrupole  field  let  us  give  the  possible  parameters  of  the  linear 
accelerator  of  protons  [13]: 


--  ’'-*-s  ‘4 
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fciergy  of  injection.. . . .  100  keY. 


output  energy  ....  30  keV. 


Laugth  of  accelerator.....  30  a. 


Dlaaater  of  vacuua  container.....  41  cb. 


Wavelength .  2  a. 


Koraalized  acceptance.....  1.6-3  arad  ca. 


HP  loss  in  copper  of  resonator .  2.3  HW. 

Current  protons  per  pulse.....  250  aA. 


The  use/application  of  a  focusing  by  HP  guadrupole  field  is 
possibla  not  only  in  the  accelerator  of  protons,  but  also  in  the 
accelerator  of  polyvalent  ions. 


if 
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Discussion. 


K.  fteioh.  Is  plann9d/glided  the  use  of  a  high-frequency  quadrupole 
focusing  in  the  acting  or  pro jected/designad  accelerators? 


7.  A.  replyaltor.  Sow  we  study  in  the  aocfc-ups  all  necessary  technical 
and  technological  questions  and  carry  out  first  experiment  in 
acceleration.  After  accelerator  with  HP  quadrupole  focusing  will  be 
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investigated  aider  laboratory  conditions,  it  will  be  possible  to 
examine  a  question  about  use  and  use/application  of  this  fora  of 
accelerators. 

A.  H.  Didenko.  Was  not  examined  focusing  by  the  high-frequency  fields 
of  higher  order? 

?.  A.  Teplyakov.  If  I  correctly  understood  a  question,  then  he 
requests  herself,  was  not  examined  focusing  by  the  fields  of  aore 
high  degree  of  syaaetry  relative  to  transverse  axes.  Such  fields  are 
proportional  to  a  radius  to  the  appropriate  degree,  and  the  potential 
of  field  has  components  the  proportional  ones  of  the  6th  and  8th 
degree  of  a  radius.  These  fields  are  very  small,  in  any  case  they 
will  not  have  the  term,  linear  on  a  radius.  This  aaans  that  the  beam 
will  complete  nonlinear  transverse  vibrations,  is  such  fields  did  not 
in  detail  examine,  considering  it  their  small. 

B.  I.  Polyakov.  To  what  energies  it  is  expedient  to  utilize  HP 
quadrupole  focusing? 

T.  A.  Teplyazhov.  HP  focusing  by  quadripole  field  can  be  used  to  any 
energies,  here  there  are  no  licitations.  A  question  can  be  raised 
otherwise:  it  is  expedient  whether  to  apply  H-resonators  to  the  very 
high  energies?  At  high  energies  to  aore  expediently  utilize  the 
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rasonators,  which  work  on  w/2  -  to  wave  for  the  purpose  of 
eliminating  tha  sections  of  the  drift  where  particle  does  not 
interact^,  with  the  high-frequency  field. 

7.  K.  Baav.  How  does  differ  the  rate  of  acceleration  in  the 
accelerator  about  which  you  did  report,  from  the  rate  the 
accelerations  in  th9  accelerators  in  operation? 

7.  A.  Teplyakov.  In  that  project  which  we  reported  at  the  Yerevan 
conference,  the  rata  of  acceleration  was  selected  by  the  sane  as  in 

4 

the  linaar  accelerator  (of  Alvarez's  type)  in  Serpukhov. 

Yu.  D.  Baznogikh.  In  the  accelerator  of  Alvarez-Blyuett  is  assigned 
sufficiently  stringant  requirement  for  the  stability  of  tha  nagnetic 
focusing  fields.  In  your  systea  the  transverse  focusing  field  works 
over  a  wide  range  of  values.  As  you  show,  this  situation  does  not 
lead  to  au  increase  in  tha  enittanca  of  bean.  It  is  not  possible 
whether  in  connection  with  this  to  lowe^  requirement  for  stability  of 
focusing  fields  in  the  accelerator  of  Alvarez-Blyuett? 

7.  A.  Teplyakov.  I  enumerated  conditions,  with  which  the  enittanc8  of 
bean  will  not  grow/rise.  These  conditions  are  reduced  to  removs 
parametric  connection/communication  between  the  motion  in  the 
transverse  direction  and  the  notion  lengthwise.  This 
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connection/coanuaication  in  the  first  approximation,  does  aot  depend 
on  the  amplitude  of  the  focusing  high-frequency  field.  As  far  as 
lenses  are  concerned  magnetic  quadrupole,  then  there  such  a 
connectioa/coaaunication  unavoidably  exists,  because  the  line  of  the 
state  of  particles  on  the  diagraa  of  stability  compulsorily  the 
secants  of  equal  phase  change  of  transverse  vibrations,  i.e. , 
different  in  the  phase  particles  have  different  phase  change  of 
transverse  vibrations.  This  effect  is  significant  only  at  the  very 
beginning  of  accelerator.  Further  phase  oscillations  strongly 
attenuate,  and  parametric  connection/coe municat ion  of  transverse  and 
axial  notion  decreases.  If  changes  the  amplitude  of  HF  field,  then  it 
decreases  synchronous  phase  and  capture  region,  and  all  particles  of 
cluster,  although  vill  coaplete  the  smaller  longitudinal 
oscillations,  they  will  be  as  before  located  near  the  line  of 
permanent  phase  change.  However,  channel  capacity  with  the  redaction 
of  the  amplitude  of  HF  field  sonevhat  decreases.  Therefore  with  the 
reduction  of  tha  amplitude  of  HF  field  we  can  lose  the  part  of  the 
particles  either  due  to  the  longitudinal  or  due  to  the  transverse 
■otion,  but  not  due  to  the  increase  of  phase  voluee. 

G.  Kuapfert.  Is  there  in  the  aethod  of  focusing  about  which  you  did 
tell,  the  liiitations,  connected  with  the  high  currents  (beaa  load, 
connection/coaaunication  of  longitudinal  and  transverse  vibrations. 
Coulomb  limit) ? 
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7.  A.  replyakov.  Are  prescribed/assignad  two  questions:  about  the 
baa*  load  and  about  connection/coaaunication  of  longitudinal  and 
transverse  notion  in  the  presence  of  large  space  charge  in  the  beam. 

As  far  as  baa*  load  is  concerned,  then  the  resonators  with  low  stored 
eaergy,  which  it  is  proposed  to  utilize  for  the  realization  of 
focusing  HP  accelerating  field,  actually/rsally  they  do  not  mate  it 
possible  to  produce  acceleration  on  the  stored  energy.  Por  an  exaaple 
I  will  give  these  numbers:  the  losses  of  HP  power  in  the  snail 
resonator  are  30  kw.  Accelerated  in  this  resonator  to  the  energy  2 
He?  bea*  with  current  on  the  order  of  1  aA  consunes  20  k».  Por 
accelerating  the  bean  in  several  tan  or  hundreds  of  nillianperas  it 
is  nacessary  to  introduce  additionally  power.  Therefore  HP  generator 
must  feed  the  power,  sufficient  for  accelerating  the  bean. 

t 

s 

iith  the  large  space  charge  certainly  will  arise  the  additional 
constraint  of  transverse  notion  with  the  longitudinal.  It  is  nost 
dangerous  in  the  initial  part  of  the  accelerator.  Therefore  we  try  to 
make  length  of  clusters  sufficiently  large  in  order  to  decrease  this 
connection/connunication.  Pirtually  we  begin  acceleration  froa  the 
alnost  3teady  bean.  The  longitudinal  coaponent  of  field  froa  the 
space  charge- In  the  beginning  there  is  no  acceleration. , And  only  when 
energy  of  particles  sufficiently  will  increase  (order  1  He?) ,  it  is 
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possible  already  to  speak  about  the  existence  of  clusters  and  about 
connection/coauunication  of  longitudinal  and  transversa  motion.  with 
such  binding  energy  will  be  of  the  sane  order  as  in  usual 
accelerator,  and  will  lead  it  to  the  sane  effects  of  the  increase  of 
phase  volume. 

Page  12. 

86.  Special  f eaturas/peculiarities  of  the  dynamics  of  beaa  in  the 
circular  F-B  cyclotron  in  the  absence  of  the  similarity  of  guiding 
field. 

V.  , ».  ,  Kanunnikov,  A.  A.  Kolomenskiy,  7.  .  A.  Papadichev. 

(Physical  institute  im.  P.  ».  Lebedev  of  the  AS  OSSH)  . 

The  circular  P-H  cyclotron,  for  the  first  time  proposed  in  [1] 
as  is  known,  it  makes  it  possible  to  accelerate  particles  over  a  wide 
range  of  energies  in  the  limits  of  a  comparatively  annulus  of 
magnetic  system.  The  constancy  of  magnetic  field  in  the  time 
contributes  to  obtaining  high  average/mean  intensity  and  good 
time/temporary  structure  of  beaa. .as  examples  let  us  point  out  to  the 
possibility  of  obtaining  the  guasi-continuous  electron  beans  of 
medium  energies  upon  the  inductive  acceleration  ("betatron  with  the 
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stationary  guiding  field",  see,  for  exaaple,  [2])  and  to  the 
prospects  of  developing  the  proton  circular  P-t*  cyclotrons  to  the 
high  eaergias  with  superconducting  coil  electromagnet  [3,  4]. 

In  order  upon  the  acceleration  in  the  strongly  nonlinear  field, 
which  grows  on  a  radius  into  ten  and  hundreds  of  tines,  to  avoid 
dangerous  resonancas,  it  is  necessary  that  the  frequencies  of  the 
betatron  of  particles  little  would  change  with  a  radius;  in 

the  ideal  case  of  the  so-called  dynaeic  siailarity  of  orbits  the 
frequencies  aust  raeain  unchanged  in  the  entire  operating  region  of 
accelerator.  As  it  was  shown  £5],  for  satisfaction  of  this  condition 
it  i3  sufficient  gaoaetric  siailarity  of  the  shape  of  orbits  and 
constancy  of  field  index  n,  which  in  tarn,  leads  to  the  requirement 
of  the  identity  of  aziauthal  field  distribution  on  all  radii.  This 
■aan3  that  the  closad  orbits  of  particles  with  different 
impul3e/aonentun/pulse  differ  only  in  teras  of  scale  by  a  radius,  and 
variabla/alternating  the  dependence  of  aagnetic  field  on  a  radius  and 
an  aziauth  are  divided: 

H(%,e)«H0(£f  COSKN8).  (i) 

This  requirement,  however,  too  strong  and  is  not  necessary,  since 
there  is  a  broad  class  of  fields,  which  ensure  dynamic  siailarity. 
Huaerical  integration  on  the  computers  of  equations  of  lotion  for  the 
distributions  of  the  magnetic  field  of  the  form 
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H(a,0)-Ho  CO$kN0  (2) 

showed  that  scaling  of  betatron  frequency  it  is  possibla  to  achieve 
by  many  methods,  For  example,  Fig. . 1  show  two  strongly  differing 
forms  of  field,  foe  which  computed  values  of  frequencies  are 
identical  AQ<~0« 01.  The  dependence  of  the  haraonics  of  field  on  a 
radius  is  shown  in  Fig.  2.  Proa  the  calculations  it  follows  that  for 
guaranteeing  the  dynamic  similarity  is  sufficient  to  maintain 
constant  proportions  of  azimuthal  average  of  field  f0  to  the 
fundamental  harmonic  ft  of  the  azimuthal  distribution  of  magnetic 
field  and  indices  no.ni  for  them.  The  values  of  the  higher  harmonics 
and  thair  gradients  on  a  radius  weakly  change  frequencies.  For 
example,  for  the  parameters,  close  to  the  operating  point  of  a 
radial-sector  electronic  circular  F-B  cyclotron  (KF)  of  the  Lebedev 
physics  inst.  (N=20,  n=16,  f0/ft— »0. 1,  detailed  description  see  [6]) 
haraonics  (k>l),  which  satisfy  condition  *  o.oe  *.0,07,  it  is  possible 
not  to  consider,  but  when  0.3  ►  o,4f  their  effect  it  is  possible  to 

compensate  for  by  change  tQ/ft  and  n0,  n»  with  a  radius.  In  general 
the  requirement  of  constancy  f0/ft  and  n0,  nt  is  not  necessary; 
however,  fee/pay /board  for  the  failure  of  this  constancy  can  be  the 
complication  of  the  form  of  field. 
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Pig.  1. 


Pig. 


Pig.  1.  Example  of  two  dependences  of  field,  for  which  particles  of 
betatron  oscillations  are  identical: 

*  "  H 1  (0.09  +  COB  HQ  +  0,3  C083N8+ 

:  -\;^C0.°9  ($*+  (4)16C0SW-  .  .  . 

C0*5N8].  caS0g  N- 20,  '<^=*5,81,  Q^-2,76 


Pig.  2.  Dependence  of  hareonics  of  field  H*,  given  in  Pig.  1  (curve 
2)  on  radius.  It  is  evident  that  within  the  lieits  of  the  wave-like 
shape  of  orbit  (  d%ot+ 1,5  ca)  f,  decreases  1.4  tines,  and  reaaining 
haraonics  increase  1.6  tines. 


Page  13. 

Such  approach  to  the  guarantee  of  dynamic  similarity  expands  tie 
class  of  aagnetic  fields,  suitable  for  the  acceleration  it  allows. 
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for  exaaple,  during  the  production  to  simplify  pole-piece 
configuration.  Specifically,  this  was  used  for  shaping  of  the 
magnetic  field  of  circular  F-&  cyclotron  the  Lebedev  physics  inst. 


As  is  known,  in  the  region  of  the  low  and  average/aean  values  of 
magnetic  intensity  it  is  foraad/shaped  with  the  method,  which  ensures 
a  precise  siailarity.  It  lies  in  the  fact  that  all  essential 
sizes/diaensions  of  aagnet  (vertical  and  aziauthal  clearances,  width 
of  sector)  vary  in  proportion  to  to  a  radius,  and  an  increase  in  the 
field  is  ranched  du9  to  distributed  windings.  In  the  high-field 
region  this  aethod  of  shaping  is  unsuitable,  since  it  leads  to  an 
excessive  increase  in  the  aapsre  turns  of  power  of  aagnet  power 
snpply.  Therefore  necessary  field  pattern  here  (in  KP  the  Lebedev 
physics  inst.  in  the  region  150  ca  «  a  *i60ca)  it  Is  necessary  to 
obtain  by  the  shaping  of  poles.  In  order  to  satisfy  the  condition  of 
siailarity  and  in  this  case,  it  was  necessary  to  expect  and  to 
prepare  the  pole  of  intricate  shape,  with  variable/alternating  canter 
in  both  sections  -  aziauthal  and  radial,  aowever,  in  practice  it  is 
necessary  to  considerably  deviates  froa  the  calculated  fora  of  pole3, 
in  particular,  to  decrease  their  extent  along  the  aziauth  for  the 
arrangeaent/position  between  the  units  of  the  aagnet  of  the 
accelerating  devices/eguipaent  and  for  reducing  the  leakage  flaxes. 
This  last  goal  it  serves  and  the  location  of  the  current  carrying 
conductors  is  radial  at  the  edge  ox  pole.  The  existing  methods  of 


SET  51 


DOC  =  80069301  PAGE 

calculation  of  the  fora  of  pole  (for  example,  [7])  become  in  this 
casa  badly/poorly  applicable  and  do  not  Bake  it  possible  to 
rate/estiaate  the  permissible  error* 

Por  calculating  the  fora  of  field  and  poles  in  our  case  was  used 
adequate  to  task  the  method,  based  on  conforaal  mapping  and  which 
aakes  it  possible  also  consider  the  effects  of  the  conductors  with 
the  current,  located  near  operating  region  of  aagnet  [8].  For 
obtaining  field  distribution,  providing  assigned  values  <*a,Q3  is 
varied  the  width  of  pole  in  positive  and  negative  sector. . The 
vertical  clearance  between  the  shaped  poles  is  made  decreasing 
according  to  th9  law  xnt  and  the  lateral  surfaces  of  poles  have  plane 
shear/sections  (Fig.  3)  (i.e.  .the  width  of  pole  depends  on  a  radius 

linearly) .  The  prescribed/assigned  values  of  frequencies  can  be 
obtained  on  two  selected  radii,  on  the  calculated  ones  and  on 
intermediate  radii.  Accelerator  KF  can  work  in  any  of  two  cells; 
Uv»s,8.  2,4  *  0.09)  and  5,6 ,  aji-i.s  The  calculation  of 

poles  is  produced  for  the  intermediate  position  of  operating  point 
(f0/f1— 0.1),  and  the  available  corrective  windings  aake  it  possible 
to  change  by  several  percentages  the  level  of  field  in  the  region  of 
poles  and  thereby  to  regulate  the  position  of  operating  point  by  a 
change  in  ratio  f0/ft« 

The  calculated  fora  of  poles  was  first  checked  in  the  magnetic 
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measurements  to  four  spars  aaits  Ki‘r  established/iust ailed  on  the 
special  measuring  banch  and  connected  la  series  in  the  power-supply 
systea  of  accelerator.  Then  these  results  were  confiraed  in  the 
measurements  of  field  and  frequencies  QT»&2  in  the  accelerator.  Fig. 
4  shows  measured  field  distributions  (coinciding  with  the  calculation 
with  9rror  *  0.1  o/o)  on  two  radii:  a=*  137  ca  (the  aiddle  part  of  the 
ragion  of  a  similar  field)  and  i  =  161  ca  (boundary  of  operating  region 
of  the  shaped  pole) .  Fig.  5  shows  the  aotion  of  operating  point  in 
the  process  of  acceleration  according  to  the  measurement  data  with 
the  beaa.  It  is  evident  that  within  tha  Units  of  the  significant 
part  of  the  shaped  pole  changes  of  the  frequencies  ara  small  (when 
151  cm  «  a  *  159  cm;  qx *  5,63  +. 0.02;  ft,-  182  +  0,02);  they  it  is  less  than  the 

displacement  of  operating  point  in  the  limits  of  entire  operating 
region  due  to  tha  affect  of  different  factors  (edge  effect; 
transition  region  froa  tha  distributed  windings  to  the  poles  where 
the  calculation  is  hindered/haaparad;  a  difference  in  the  gaoaatry  of 
conductor^  with  the  current,  tha  error  for  the  absolute  values  of 
coil  currents,  etc.) . 


During  Hay  1969  during  the  starting/launching  of  KF  with  the 
dasriibed  shaped  poles  was  obtained  the  acceleration  to  40  He7  at  the 
intensity  more  than  10**  electrons/s  and  to  repetition  frequency  50 
Hz.  As  showed  magnetic  aeasuraaents.  Induction  on  a  maximum  radius  of 
159.5  cm  can  be  increased  to  6  kg  which  corresponds  to  aaxiaua  energy 
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Pig.  3.  shaped  of  pole  of  circular  P-B  cyclotron  Lebedev  physics 
inst. . (schematic  figure). 


Pig.  4. .naasurad  dependences  of  field  on  aziauth  in  circular  P-f! 
cyclotron  of  Lebedev  physics  inst.  1  -  corresponds  to  the  region  of 
distributed  windings  (  137  c>);  2  -  region  of  shaped  pole  (  •>-  iei 

ce).  Tha  amplitudes  of  higher  harnonics  (k>  2,  3r  4.  5)  lie/rest 
within  the  limits  -  0.09  *  ojx 
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Therafoca  is  possible  an  increase  in  the  maximum  energy  by  by 
10- 15o/o  mora  shimmering  of  poles  in  positive  units  for  the 
compensation  for  the  radial  edge  effect,  which  decreases  fa/fi  on  the 
terminal  radii. 
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87.  Investigation  of  the  longitudinal  instability  of  bean  in  the 
accuaulator/storage  under  the  effect  of  the  resonances  of  synchrotron 
oscillations. 

S.  5.  Kononenko,  L.  D.  Lobzov,  L.  7.  Baprintsev,  A.  H.  Shenderovich. 

(Physiotechnical  institute  of  AS  OkSSR) . 

This  work  is  dedicated  to  the  investigation  of  the  affects, 
which  appear  during  joint  action  of  the  induced  voltage  and 
rasonances  of  synchrotron  oscillations. .  This  question  is  not  examined 
in  the  literature,  although  to  the  investigation  of  the  longitudinal 
instability  and  to  the  resonances  of  synchrotron  oscillations 
saparately  are  devoted  aany  works. . 

Maasureaents  are  carried  out  on  thB  accuaulator/storage  of 
electrons  with  the  energy  70  He?  of  PTI  of  AS  OkSSR  [1].  The 
full/total/coaplete  block  diagraa  of  aaasuring  eguipaent  is  shown  in 
Pig.  1.  Por  exciting  the  instability  is  used  the  special  passive 
resonator  whosa  characteristics  wera . thoroughly  aeasurad  ». 

POOTIOTS  1 .  As  showed  special  theoretical  studies,  in  the  aajority  of 
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the  practical  cases  physical  processes  in  the  systea  beaa  -  passive 
resonator  and  baaa  -  active  resonator  were  identical,  emdfoothote. 

The  saae  resonator  vas  utilized  also  for  recording  the  coherent 
synchrotron  oscillations  with  the  eaergence  of  instability. 

The  results  of  the  aeasureaents  of  thresholds  of  instability  in 
the  absence  of  resonance  disturbances/perturbations  are  given  on  Pig. 
2.  Por  the  comparison  the  saae  figure  gives  the  theoretical  threshold 
values,  calculated  with  the  aid  of  the  results  of  work  [2].  Proa  the 
figure  one  can  see  that  on  the  larger  segaent  of  a  curve  is  a  good 
agree aent  of  theory  with  the  experiment;  however,  with  saall  detuning 
froa  the  resonance  is  observed  essential  difference.  This  difference 
especially  one  can  see  well  in  Pig.  3,  where  is  constructed  the 
contribution  of  Landau  daaping  in  the  dependence  on  the  detuning. 

Hera  axperinental  curve  has  clearly  expressed  aaxiaua  which  is  absent 
froa  the  theoretical  curve. .  Apparently,  it  is  necessary  to  consider 
that  the  theory  gives  the  incorrect  values  of  threshold  currents  with 
saall  detunings. 

As  showed  aeasureaents,  during  the  excitation  of  the  resonances 
of  synchrotron  oscillations  is  observed  the  depression  of  the 
longitudinal  instability. 
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Effective  depression  occurs  in  the  narrow  band  of  frequencies  of  the 
resonance  disturbance/perturbation  snaller  than  the  width  of 
resonance.  Moreover  in  the  case  of  paraaetric  resonance  this  band 
substantially  is  narrower  than  in  the  case  of  external  resonance.  The 
results  of  Measuring  the  thresholds  of  instability  depending  on  the 
force  of  resonance  disturbances/perturbations  and  value  of 
accelerating  voltage  for  the  cases  of  external  and  paraietric 
resonances  are  given  respectively  on  FigS  h  and  5.. Fro*  the  figures 
it  is  evident  that  already  with  the  very  low  aaounts  of  disturbance 
strength  is  observed  the  effective  depression  of  instability  (into 
dozens  of  tines  on  the  threshold) .. In  this  case  strength  of  resonance 
is  so  snail  that  resonance  oscillations  of  bea*  are  not  observed. 

Haxiaus  values  ^  in  of  the  curves  of  Fig*  h  and  5  are  equal  to 
approxiaately/exeMplarily  50. . Experimentally  was  observed  the 
depression  of  instability,  also,  with  the  high  currents.  However, 
with  Dn,  that  exceed  -3n0  into  hundreds  of  tines,  instability 
conpletely  is  not  suppressed. , In  this  case  are  observed  the 
oscillations  of  the  type  of  the  play,  a  precise  interpretation  of 
character  of  which  was  not  conducted. 
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Pig.  1.  Pig.  2.  I 
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Pig.  1.  Block  diagram  of  equipment,  used  in  experiment  in 
investigation  of  longitudinal  instability:  1  -  passive  resonator, 
adju3tad  for  2nd  harmonic  of  freguency  of  revolution  -104.5  8Hz;  2  - 
accelerating  gap;  3  -  aetar  of  accuaulated  current 
(pick-ap-electrode) ;  4  -  window  for  oatput  of  synchrotron  radiation; 

5  -  superheterodyne  receiver;  6  -  PH  discriminator;  7  -  selective 
amplifier;  8  -  oscillograph;  9  -  BOP;  10  -  dissector  for  measuring 
longitudinal  sizes/dinensions  of  beam;  11  -  high-frequency  oscillator 
of  accalarating  voltage  (frequency  52,  25  HHz) ;  12  -  modulator  for 
exciting  resonances  of  synchrotron  oscillations;  13  -  dissector  for 
atsasariig  the  transverse  sizes/dimensions  of  beam;  It  -  television 
unit;  15  -  aetar  of  the  accuaulated  current  (photomultiplier) . 

Pig.  2.  Dependence  of  threshold  of  instability  on  detuning  relative 

y 

to  resonance  with  value  of  accelerating  voltage  100  1  - 
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theoretical  curve  without  taking  into  account  Landau  daiping;  2 
theoratical  curve  taking  into  account  Landau  daaping;  3  - 
axpeciaantal  curve. 

Key:  (1).  kHz. 
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Pig.  4. 


Pig.  3.  Dependence  of  contribution  of  Landau  daiping  (ratio  of  real 
threshold  currant  to  his  computed  value  without  taking  into  account 
Landau  daaping)  on  detuning  with  value  of  accelerating  voltage  100 

V. 


Unbroken  curves  -  theoretical  results,  broken  -  experimental 
results. 

Key:  (1).  kHz. 

Pig.  4.  Dependence  of  threshold  of  instability  on  disturbance 
strength  in  the  presence  of  external  resonance  of  synchrotron 
oscillations  with  different  value  of  accelerating  voltage.  Along  the 
axis  of  abscissas  are  deposited/postponed  the  values  of  the  index  of 
frequency  modulation,  along  the  axis  of  ordinates  -  ratio  of  an  ' 
threshold  curreat  ^  to  its  value  in  the  absence  of  resonance 


Key:  (1)  .  in.  (2) .  Index  of  frequency  aodulation. 
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Pig.  5.  Dependence  of  the  threshold  of  instability  on  disturbance 
strength  in  tha  presence  of  the  paraaatric  resonance  of  synchrotron 
oscillations  for  three  values  of  accelerating  voltage.  Along  tha  axis 
of  abscissas  is  deposited/postponed  the  depth  of  the  amplitude 
aodulation  of  accelerating  voltage  (equal  to  strength  of  resonance) . 

Kay:  (1).  Depth  of  aaplitude  aodulation. 

Page  16. 


Was  expedients lly  observed  also  the  depression  of  the 
longitudinal  instability  into  dozens  of  tines  with  the  aid  of 
synchro-betatron  resonance  near  the  resonance  of  vertical  betatron 
oscillations 

Pot  the  theoretical  coaprehension  of  the  obtained  results  let  us 
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examine  the  equation  of  synchrotron  oscillations  daring  joint  action 
of  the  induced  voltage  and  paraaetric  resonance  of  synchrotron 
oscillations.  Jfe  will  be  restricted  to  the  case  when  oscillations  in 
the  resonator  significantly  attenuate  during  the  period  of 
synchrotron  oscillations.  In  this  case,  as  it  follows  froe  the 
results  of  wort  [3],  the  equation  of  synchrotron  oscillations  in  the 
cubic  approximation/approach  takes  the  fore 

2  “2($- 12+a*  q — ctq  tj3-*- 

♦^a2ijcos(>»  a  ♦■*.)» 

when  q  -  amplitude;  v  -  frequency  of  parametric 
disturbance/perturbation;  I  -  increeent  of  instability;  $  - 
decrement  of  radiation  damping;  9t  -  synchronous  phase;  Q  - 
frequency  of  synchrotron  oscillations;  differentiation  is  conducted 
on  dimensionless  time  <o#  -  the  frequency  of  revolution  of 

synchronous  particla. 

Designating 


|A|<e«;9;  Ul®; 

„  L*  (2) 

fl«a«  ;  Uf'-9A  +  ^-24», 

we  will  obtain  how  usually  (£4])#  the  following  shortened  equations: 

/  ,,  ..  gaii  i  n  o  aft 

r-stnur^  ur*  A+~j-a +■-**- cos w.  (3) 
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Prow  formula  (4)  it  follows  that  with  the  the  strong  instability 
or,  on  the  contrary,  with  strong  stability  4|^|»ga) 

the  resonance  phenomena  do  not  becowe  apparent-  Let  ns  exawine  now, 
can  arise  the  reverse  situation,  when  resonance  suppresses 
instability.  Por  this  purpose  we  analyze  the  equation  of  cubic 
approxieation/approach  for  snail  divergences  fron  steady-state 
solution  6-a-a0,  which,  as  it  is  easy  to  show,  takes  the  forn: 

j*  a  _2($-^)6,~^$^-^co*ur#61+ 

4  0  t  8  (5) 

♦  cos  ur953. 

Prow  equation  (5)  it  follows  that  occurs  the  following 
dependence  of  frequency  on  the  aaplitude: 

Q-^fi-^icosWoJ  .  (6) 


S?sjre^^?sps 
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If  the  size/diaansion  of  beaa  oo  tha  phase  is  equal  to  25*,  than 
graatast  aaplituda  8mox“A<f*  Consequently,  synchrotron  oscillation  in 
tha  presence  of  tha  rasonan.ee  consists  of  oscillation  with  frequency 
v/2  and  oscillations  with  the  frequencies  froa  v/2*«  to  -$- ■*<»>;£  Aw +A&. 
(where  &Q  -  scatter  of  natural  frequencies  in  the  bean,  aa-a-^p-).  The 
full/total/coapleta  scatter  of  frequencies  of  the  synchrotron,  which 
dataraines  the  affect  of  Landau  daapinq  on  the  threshold  of 
instability,  is  equal  to  2Aw*A3.  In  tha  absence  of  resonance  this 
scatter  is  equal  to  siaply  AQ. .It  is  easy  to  see  that  with 
satisfaction  of  the  condition 

a0<K3v  jcosWo  (7) 

theca  will  be  2A»»AQ,  i.a.,  in  the  presence  of  the  resonance  the 
scatter  of  frequencies  and,  consequently,  also  contribution  Landau 
da«ping3  strongly  increases. 

Thus,  tha  observed  effect  of  the  depression  of  the  longitudinal 
instability  is  axperiaentally  explained  by  ar  Increase  in  the 
nonlinearity  of  synchrotron  oscillations  in  the  presence  of  the 
resonances  and  as  consequence  this  by  an  increase  of  the  scatter  of 
frequencies  in  the  beae  and  by  the  aipliflcation  of  the  action  of 
Landau  daaping.  Since  with  the  the  stall  a„  derivative  •^a-  is  great 
(when  a,«0;  oo),  the  effective  depression  of  instability  aust 

occur  in  the  narrow  frequency  band,  that  also  was  observed 
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experimentally.  In  tha  casa  of  axtarnal  resonance  are  obtained 
analogous  results,  but  since  in  this  case  has  substantially 

smaller  value,  then  the  range  of  effective  depression  aust  be 
somewhat  wider. 

i 
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Discussion. 

A. . 4.  Kolomna.  Bxtornal  resonances  are  excited  simultaneously  with 
the  parametric  ones.  You  did  share  then  someLov? 

A.  B.  Shenderovich. . This  not  entirely  thus.  In  the  case  of  betatron 
oscillations  this  is  actual/real  thu3.  For  the  synchrotron 
oscillations  external  resonances  are  excited  only  on  the  odd 
harmonics,  and  parametric  -  only  on  the  even  ones.  Therefore  here 
there  is  a  separation. 

A.  H.  Didenko.  In  what  relationship/ratio  were  located  between 
themselves  the  frequency  of  revolution  of  particles  and  the  natural 
fregufeiijcy  of  passive  resonance? 
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A.  a.  Yaenderowich.  These  neasureaents  were  done  as  follows.  The 
Multiplicity  of  acceleration  was  1,  i.e.,  we  accelerated  on  the 
fundaaantal  haraonic  of  frequency  of  rerolution.  But  the  resonator 
which  excited  instability,  was  adjusted  to  the  second  haraonic. 
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88.  INVESTIGATIONS  OF  THE  PASSAGE  OF  PARAMETRIC  RESONANCE  IN  THE  IFVE 
ACCELERATOR. 

Y»i •  rt.  Ado,  V.  I.  Dalbaxov,  K.  P.  nomov,  E.  A.  Myae. 

(Institute  of  high-energy  pnysics)  . 

Earlier  it  was  establishea/mstalled  [1],  that  on  the  proton 
synchrotron  of  IFVE  at  tne  int=nsity  of  the  accelerated  beam  of  10 * 2 
prot#n/pulss  and  above  occur  tna  pxitonomena,  connected  with  the  effect 
of  the  proper  field  of  oeam.  First  of  all  this  leads  to  the 
displacement  of  betatron  frequencies  into  the  region  half  integral 
resonanc0  and,  thus,  tc  the  limitation  of  the  intensity  of 
accelerator.  Therefore  increase  in  the  number  of  injected  particles 
in  hijher  than  certain  limit  does  not  give  a  proportional  increment 
in  the  intensify  of  the  accelerated  beam. 

There  is  a  series/row  of  tne  works  (for  example,  see  [2-6]),  in 
wnici  it  is  indicated  the  possmility  of  the  passage  of  parametric 


resonance  under  tha  condition  or  tne  proper  correction  of  resonance  | 
band.  It  is  cominun: cated  below  aoout  tha  investigations  on  the  origin  ^ 
half  integral  rasonance  2i2=19,  conuucted  on  the  accelerator  of  IFVE  I 


[7]‘  | 

I  Calculations  show  [41  tnat  tne  ’’natural"  intersection  of  I 

J  | 

resonance,  caused  by  the  Coulomn  snift/shear  of  betatron  freguencies,  | 

must  not  lead  to  the  losses  of  particles,  if  its  half-width  i 

"*g 

|P|  =€  0,5. lo'3  (hera  and  thro^gnouc  tney  are  utilized  the  assignations,  f 

■•Jja 

I 

j  acceoted  in  [8]).  According  to  tne  data  of  magnetic  measurements,  for  | 

the  accelerator  of  IFVE  upon  injection  1^1* 5. io-3.  For  weakening  of  1 

I 

I  tha  action  of  resonances  was  created  the  system  of  correction  the  J 

i  operating  principle  of  whicn  was  presented  in  [9],  In  contrast  to  the  1 


systems,  utilized  for  tne  same  target  on  other  accelerators  [5,  6], 
the  system  corrects  not  tne  harmonic  of  gradient,  but  it  is  direct 
width  of  resonance  band; 

in 

„  i  I  **  *>»• 

P-M*?  4ji  J  49f‘K»*  da* 

9 

The  use/apolication  cf  this  system  in  the  accelerators  with 
alternating  gradient  is  more  expedient,  since  besides  the  fundamental 
harmonic  of  dist ur bance/perturoation  k=2Q  the  considerable  (~30cvfc) 
contribution  to  width  of  uand  of  resonance  give  harmonics  a+~k,  where 
PI  -  number  of  eleaents/ceiis  or  periodicity,  corrections  only  of  19th 
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harmonic  does  not  allows,  in  our  case  to  increase  by  an  order 
simultaneously  of  value  |p^|  and  iP^j. 


FOOTNOTE  *,  If  in  one  cycit  intersect  both  resonances,  2ft%-k  and  2ft*"k, 
than  the  total  resonance  intersects  also.  For  its  suppression 

is  necessary  th?  correction  of  me  components  of  magnetic  field,  that 
lead  to  the  coupling  of  oscillations.  ENDFOOTNOTE. 


For  purposas  of  correction  ware  utilized  the  supplementary 
windings  of  the  bloc ks/moauies/ units  of  electromagnet  [10], 
sarias-ronnectad  into  four  circuits  and  supplied  by  direct  currant 
from  tha  independent  sources.  Tne  connection  diagram  is  given  in  tha 
table. 


A  quantity  of  turns  is  selected  in  such  a  way  that  control  pt 
and  P,  occurs  independently.  This  substantially  facilitates  the 
selection  of  the  currents  of  correction  experimentally.  Tha 
realization  of  tha  separate  control  P  is  possible  during  the  use  the 
minimum  of  three  blocks/modules/uaits  in  each  circuit.  Tha 
symmetrical  inc lusion/connec tion  of  three  blocks/modules/units  on 
opposite  side  of  accelerator  witn  the  field  of  opposite  sign  is 
nacessary,  sinca  the  supplementary  windings  create  identical 
additions  both  to  the  gradient  and  to  the  field:  A3/G=AH/H.  In  the 
indicated  diagram  are  not  excitca  oven  harmonics  and,  in  particular. 


I 


I 
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most  dangerous  for  the  equilibrium  orbit  10th  harmonic  of  field.  Are 
equal  to  zero  also  total  eiur,  aimed  in  the  circuit  with  a  change  in 
the  basic  magnetic  field. 

As  show  calculation,  sensitivity  of  each  circuit  ~  0.02-^-.  The 
addition  into  the  width  of  resonance  in  other  direction  in  this  case 
is  approximately/s xamplariiy  100  times  less. 

The  adjustment  of  tne  system  of  correction  indicated  was 
conducted  in  the  greatest  intensity  of  the  accelerated  beam.  The 
dependence  of  intensify  on  a  nuiaoer  of  injected  protons  with  the 
correction  and  without  it  is  jiven  in  Pig.  1.  The  control  of  a  number 
of  injected  particles  was  accomplished/realized  with  the  aid  of  the 
grids  without  a  change  in  tne  paase  volume  of  beam.  During  the 
introduction  to  the  correction  of  the  width  of  resonance  the 
intensity  increases  in  spite  of  certain  deterioration  in  the 
parameters  of  equilibrium  orbit.  Orbit  distortions  in  the  radial 
direction  increase  with  +-1.5  cm  to  +-(2-2.5)  cm  due  to  the  odd 
harmonics  of  field  and  cannot  oe  simply  corrected  due  to  the  absence 
of  the  circuits  of  the  correction  of  the  9th  and  11th  of  the 
harmonics  of  field  [  10  ].  The  correction  of  parametric  resonance  leads 
also  to  the  expansion  cf  the  domain  of  existence  of  the  accelerated 
beam  on  the  diagram  of  the  stability  of  betatron  oscillations. 
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Hote.  Negative  number  of  turao  -  contrary  start  of  winding. 


Key:  (1).  Correction.  (2).  tu  ocxs/iaod  ules/units  of  ...  circuit.  (3). 
Number  of  turns. 


Page  18. 

The  camoval/taking  diagrams  was  conducted  employing  procedure, 
analogous  that  described  xn  £  1 1 j,  in  the  connected  system  of  the 
correction  of  the  width  of  resonance  and  without  it.  A  change  in  the 
operating  point  was  conducted  wxtn  the  aid  of  the  direct  currents  in 
the  system  of  the  correction  of  tn«  gradient  of  magnetic  field. 
Intensity  was  measured  200  ms  after  the  injection  when  the  effect  of 
the  currents  of  the  correction  of  gradient  could  be 
disrsgarded/nsglscted.  Diagrams  in  coordinates  Q-*  are  given  in 
Fig.  2.  In  the  first  case  (Fig.  2a)  the  correction  of  the  width  of 
resonance  was  not  conducted,  dance  it  is  apparent  that  the  domain  of 
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existence  of  beam  is  limited  oy  ra  jion  o,5*i^*ioj).  The  case  of  optimum 

correction  is  shown  in  Fig.  2d.  As  a  result  of  the  fact  that  the 

*1 

shift/shear  of  betatron  frequency  in  s  -  the  direction  is  less 
significant,  Qa  does  not  approacn  close  to  value  of  9.5;  therefore 
value  pa  proved  to  be  net  corrected.  For  z  -  direction  an  evidently 
clear  difference  in  the  cas«s  (Fig.  2a,  b) .  In  the  first  case  (Fig. 
2a)  entire  beam  is  lost  on  tne  resonance  during  the  natural 
displacement  of  the  operating  t-oint  through  value  9,5,  in  the 
second  case  (Fig.  2b)  tne  part  of  the  beam  passes  parametric 
resonance.  The  dependence  of  intensity  from  the  distance  of  operating 
point  upon  the  injection  to  resonance  Q.*-  9,3  is  shown  in  Fig.  3;  it 
is  pvident  that  the  passage  of  resonance  is  accompanied  by  an 
increase  in  the  intensity. 


Parametric  resonance  passed  also  during  the  artificial  rapid 
displacement  of  the  operating  point  of  the  accelerator  through  value 
Qj.  9,5.  For  this  into  the  system  of  the  correction  of  gradient  was 
supplied  the  current  puise  in  tne  form  of  half  sinusoid  with  the 
duration  in  basis/base  7  us.  Witnin  the  pulse  action  time  resonance 
conditions  set  in  twice.  Tne  spaed  of  the  passage  of  resonance 


comprised  -orr-  *  0,1-*-  .  The  osciilogratns,  which  show  a  change  in  the 
•intensity  of  beam  when  current  puise  is  present,  and  without  it,  are 
given  in  Fig.  4.  Operating  point  was  established/installed  both  above 
and  lower  than  value  9,5.  Eacn  passage  of  resonance  is  accompanied 
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by  loss  (10-15)o/o  of  beam  and  is  not  vary  susceptible/critical  to 
the  adjustment  of  the-  system  of  tne  correction  of  resonance,  in 
contrast  to  the  "natural11,  slower  speed  of  passage  (Fig,  3),  where 
adjustment  conditions  are  more  susceptible/critical  and  losses  are 
more  considerable  (~50c?fc>). 

Thus  establishad/installted,  wnich  on  the  accelerator  of  IFVE  is 
possible  to  substantially  decrease  the  width  of  parametric  resonance 
with  the  aid  of  the  developed  system  of  correction.  The  realization 
of  correction  leads  to  an  increase  in  the  intensity;  however, 
correction  is  not  f ull/zotal/complata  (see  Fig.  1)  . 
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Fig.  1.  The  dependence  of  the  intensity  of  the  accelerated  beam  on  a 
number  of  particles  of  tnosa  injected  into  accelerator  chamber:  1  - 
the  system  of  the  correction  or  parametric  resonance  is  not 
connected;  2  -  correction  are  connected. 
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Page  19. 

The  reason  for  this  can  consist,  in  the  fact  that  the 
inclusion/connection  of  correction  is  accompanied  by  certain 
deterioration  in  the  ornitai  parameters,  can  play  role  other 
resonances  (for  example,  Q%*a2-i9)t  and  also  the  fact  that  the 
correction  was  accomplishad/raalized  on  the  direct  current. 
Investigations  in  this  direction  will  be  continued. 

The  authors  ara  grateful  to  tne  shift  chiefs  of  accelerator  and 
to  personnel  of  the  systems  of  correction  for  the  aid  in  the  work  and 
to  V.  P.  Sidorova  for  the  formulation  of  illustrative  material. 
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Fig.  3.  Intensities  of  the  acceleratad  beaa  depending  on  distance 
upon  the  injection  tc  parametric  resonance  Qa-  9,5 
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Pig,  4,  Oscillograms  of  intensity  of  accelerated  beam  for  position  of 
working  point  at  moment  of  injection  9,85  and  Qa- 9.60.  Scanning/sweep 

1  ms/cra,  sensitivity  -  5.  10* 0  c«-». 

a  -  natural  change  is  intensity;  b  -  change  in  intensity  with 
artificial  double  passage  of  resonance  .  The  marker  on  the 

oscillogram  every  5  ms  after  injection  corresponds  to  the  moment  of 
current  pulse  feed  ±nto  the  gradient  system. 

Page  20. 
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Discussion, 

V,  V,  Tsygankov.  r  w  was  conducted  orbital  correction  maneuver? 

E.  A,  Myae.  The  adjustment  of  tne  systems  of  correction  can  be 
accomplished/realized  only  according  to  the  data  about  the  beam, 
since  magnetic  field  we  do  not  Know  with  such  precision/accuracy  so 
as  to  knowingly  establish/mstali  the  calculated  corrective  values  of 
currents.  The  adjustment  01  tne  systems  of  correction  is 
accomplished/realized  during  tne  work  of  tne  accelerator  with  the  aid 
of  two  regulators  before  obtaining  of  maximum  intensity.  Adjustment 
to  the  maximum  intensity  was  oataiaed  each  time  with  one  and  the  same 


currents  of  correction.  This  eriect  can  be  explained  by  the 
contraction  of  the  band  ci  parametric  resonance. 

G.  Kumpfert.  Do  utilize  you  as  tne  criterion  of  the  passage  of 
resonance  intensity  of  particles  or  you  do  use  instruments  for 
measuring  the  prof ile/airf oil  or  oeam?  The  fact  is  that  an  increase 
in  the  amittance  of  the  circulating  beam  can  lead  to  the  series/row 
of  undesirable  effects  ifor  example,  with  output!) ,  but  not  only  to 
the  losses  of  particles  on  the  walls  of  chamber. 

2.  A.  Myae.  To  measure  inconerent  Coulomb  frequency  shift  of  betatron 
oscillations  is  very  difficult,  ana  we  it,  naturally,  did  not 
measure.  The  fact  of  passage  or  aonpassage  of  resonance  was 
established/installad  indirectly  according  to  the  data,  which  X  gave. 
In  our  case,  since  the  passage  is  not  f ull/total/complete,  amittance, 
probably  increases.  But  we  nope  that  with  the  supplementary  measures 
which  we  intend  to  accept,  with  even  the  more  careful  correction  of 
resonance  band,  it  is  possiole,  with  the  sufficiently  rapid  passage 
of  resonance,  to  almost  completely  remove  the  increase  of  the 
amittance  of  beam. 

K.  Raykhr  The  forces  of  space  cnarge  displace  Q  on  the  diagram  of 
frequencies  on  the  straight  line  tae  angle  of  slope  of  which  depends 
on  beam  shape.  Do  plan/yliae  you  to  correct  the  forbidden  band  on  the 


_ ™  _  ^ftt*®***'©***  *-—  -v-  - 


DOC  =  30069302 


PAGE 


if 


19th  harmonic? 


E.  A.  Myae.  In  the  beginning  ox  report  I  spoke  that  the  created 
system  makes  it  possible  to  produce  the  independent  control  of  the 
width  of  resonanc®  on  z  anu  on  r.  I  explained,  why  proved  to  be 
uncorrectad  resonance  vidxn  on  r.  We  adjusted  the  system  of 
corraction  on  the  maximum  ox  intensity.  Frequency  shift  in 
z-direction  according  to  our  calculations  is  two  times  more  strong 
than  in  r-diraction;  therefore  proved  to  be  compensated  band  on  z. 
Concerning  correction  ana  resonance  on  rr  then  in  our  possession 
later  data  make  it  possiole  to  nope  that  let  us  be  able  to  correct  it 


v  »  . . 


DOC  =  30069302  PAGE  v 

Page  20. 

89.  ANALYSIS  OF  STABILITY  OF  A  CLOSED  PROTON  BEAM  IN  IONIZED  RESIDUAL 
GAS. 

G.  I.  Dimov,  V.  G.  Sharaovskiy,  V.  Ye.  Chupriyanov. 

(Institute  of  nuclear  physics  of  SO  AN  USSR  [  CO  AH  CCCP  -  Siberian 
Department  of  the  Academy  of  Sciences  of  the  USSR])  . 

For  the  determination  of  the  conditions  for  space-charge 
neutralization  in  the  accelerators  by  us  is  studied  the  effect  of 
secondary  charged/loaded  particles  on  the  beam  of  the  circulating 
protons. 

Experiments  are  conducted  on  the  circular  leading  path/track 
with  the  magnetostatic  field.  Tne  mean  radius  of  orbit  100  cm,  is 
working  section  5x3.5  cm2.  Patn/track  has  4  straight  sections,  the 
length  of  which  2.5  times  of  more  than  radius  of  curvature  in  the 
rotary  magnets  is  100  cm.  The  introduction  of  long  gaps/intervals 
made  it  possible  to  avoid  to  tne  weakly- focusin g  field  of  the 
longitudinal  instability  of  tne  type  of  "negative  mass'  and 
facilitates  ^,he  ar rangement/position  of  functional  and  monitors.  With 
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the  aid  of  the  corrective  windings  it  is  possible  to  change  over  wide 
limits  of  frequency  of  cetatron.  lie  selected  operating  point  with 
frequencies  ^*“  1.80  and  -  0,88.  in  this  case  the  bulk  factor  of  orbits 
a  composes  0.5.  The  values  indicated  were  measured  directly  on  the 
circulating  beam.  The  injection  of  protons  to  the  path/track  is 
conducted  by  recharging  m^tnod  [ 1 J.  Time  of  injection  to  1  ms, 
current  of  injection  to  1  mA.  Energy  of  protons  1  dev.  The  ionizing 
losses  of  the  circulating  protons  in  charge-exchange  target  and  on 
the  residual  gas  can  be  compensated  by  the  vortex/eddy  electric 
field,  concentrated  in  the  clearance.  Vortex  field  is  induced  by  the 
iron  core,  which  covers  cne  of  straight  sections.  A  maximum  change  of 
the  magnetic  flux  in  the  induction  core  is  300  volts  for  the 
millisecond.  Electric  power  supply  is  conducted  from  the  vacuum-tube 
modulator,  which  makes  it  possible  to  easily  regulate  the 
temporary/time  character  or  tne  compensating  stress/voltage. 


Storage  path/track  is  equipped  by  the  system  of  puller 
electrodes  for  the  removal/distance  from  the  proton  beam  of  secondary 
particles  all  over  orbit  circuarerence.  Is  provided  for  the 
possibility  of  the  disconnection  or  extraction  voltage  for  the  time 
of  -1  ps  simultaneously  on  all  electrodes.  The  geometry  of  the  system 
of  puller  electrodes  is  selected  from  the  condition  of  the  miniirura 
effect  of  extraction  voltage  cn  tne  motion  of  proton  beam.  Thus, 
frequency  shift  of  the  betatron  oscillations  upon  the  inclusion  of 
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extraction  voltage  in  2  kV  does  not  exceed  0,01.  The  measurement  cf 
the  current  of  the  circulating  protons  is  made  by  Rogowski  loop  and 
by  electronic  collector/receptacle  [2].  Observation  of  coherent 
oscillations  of  beam  is  conducted  with  the  aid  of  the  system  of 
induction  electrodes  with  the  passnand  to  200  1Hz.  The  potential  of 
proton  beam  is  determined  on  tne  spectrum  of  the  large  ions#  which 
emerge  from  the  beam  acres s  magnetic  field  [3],  Position, 
sizes/dimensions  and  distriouticn  of  the  losses  of  proton  beam  are 
observed  with  the  aid  of  tne  movable  sensors  of  magnetization  of 
secondary  electron  emission.  Fig.  1  depicts  the  schematic  of  storage 
path/track. 

The  analysis  of  the  accumulation  of  protons  showed  that  the 
character  of  the  behavior  of  proton  beam  on  the  path/track,  stability 
and  maximum  accumulated  current  depend  substantially  on  the  pressure 
of  residual  gas  in  the  chaiu ner /camera ,  and  in  certain  cases  and  from 
the  type  of  gas. 


At  an  average/aean  residual/remanent  pressure  in  the 
chamber/camera  to  h.e-IO's  the  torus  and  removal/distance  from  the 
orbit  of  all  secondary  particles  the  number  of  protons  on  the 
path/track  is  limited  to  value  ~1.7»1011,  which  by  order  of  value 
corresponds  to  the  shift/shear  of  operating  point  to  resonance  9x-j/2. 
The  potential  of  the  space  charge  of  beam,  measured  according  to  the 


DOC  =  30069302 


PAG3 


spectrum  of  large  ions,  in  this  case  has  a  value  300  V. 

The  rapid  disconnection  of  extraction  voltage  leads  to  the 
development  of  intense  councmg,  wnich  sharply  increases  the  losses 
of  protons  in  the  vertical  line  and  is  decreased  proton  current  by 
the  path/track  (Pig.  2)  . 

The  frequency  spectrum  or  tne  oscillations  (Fig.  3)  depends  on 
full  current  on  the  patn/rracK  and  with  a  number  of  particles 
-1.5«10i 1  lies/rests  in  tne  range  30-50  MHz  (14-25  modes  of 
vibration),  and  with  a  numner  ~1.7*10»l  -  in  the  band  10-30  MHz  (4-14 
modes)  . 

Tha  threshold  of  the  development  of  this  instability  depends  on 
the  energy  spread  of  the  circulating  beam  and  with  the  spread  5*10“3 
comprises  0.9»10"10. 

Page  21. 

At  the  pressure  of  residual  gas  in  the  chamber /camera,  which 
exceeds  certain  critical,  wnicn  depends  on  the  type  of  gas,  the 
behavior  and  the  instability  or  tne  circulating  beam  qualitatively 
are  changed.  With  the  connected  extraction  voltage,  on  tha 
achievement  on  the  path/track  of  certain  threshold  quantity  of 
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current,  is  developed  intense  coherent  bouncing  on  the  zero  mode 
{frequency  of  1.42  .1Hz).  Tne  tnresnold  of  the  development  of  this 
instability  and  its  increment  depend  on  residual/remanant  pressure  in 
the  chaaiber/camera  and  type  or  gas  (Fig.  4).  Increment  with  the 
sufficiently  good  degree  or  accuracy  is  proportional  to  the 
ionization  cross  section  of  residual  gas  by  protons,  density  of 
residual  gas  and  monotonically  it  yrows/rises  with  an  increase  in  its 
molecular  weight. 

After  the  disconnection  of  extraction  voltage  coherent 
oscillaL'  ns  of  proton  beam  on  tna  zero  mode  attenuate  for  the  time 
of  5  ms. 

Further  behavior  of  oeam  again  depends  on  density  and  type  of 
gas  in  the  chamber/camera.  There  is  a  second  critical  pressure  of 
residual  gas,  which  is  determined  by  certain  critical  speed  of  the 
formation  of  large  ions,  whicn  does  not  depend  on  the  type  of  gas. 
Critical  current  of  the  being  born  in  the  entire  chamber/camera  ions 
is  approxiraataly/exemplariiy  agual  to  the  orbital  proton  current. 
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Fig.  1.  Schematic  of  storage  path/track.  1  -  charge-exchange  target 
2  -  puller  electrodes,  3  -  prone  ox  the  vertical  position  of  beam; 

-  testers  of  the  radial  position  ox  beam;  5  -  electronic 
collector/receptacla ;  6  -  EogowsJci  loop;  7  -  induction  electrodes; 

-  betatron  core;  9  -  faraday  cylinder;  10  -  buffer  volume;  11  - 
rotary  magnet. 
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Fig.  2.  Currant  of  protons  on  patn/traclc  (a)  ,  rectified  signal  from 
induction  electrodes  of  vertical  position  of  beam  (b) ,  stress/voltag 
on  extracting  plates  (c)  .  On  the  horizontal  100  ps/div. 

</> 


Fig.  3.  Spectrum  of  signal  fro*  induction  electrodes  of  vertical 
position  of  beam,  a  -  N=  1. 7  •  10* 1  o  particles;  b  -  N=1.5*1011 
particles. 


DOC  =  30069302 


-St' 


A -S3 ^vr.'JTV/- 


PAGri 


Key:  (1).  Amplitude  (in  relative  units).  (2).  MHz, 
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Fig.  4.  Dependence  of  increment  C?)  and  threshold  (N)  of  development 
of  instability  on  pressure  and  Kind  of  residual  gas:  1  -  hydrogen;  2 
-  helium;  3  -  air. 


Key:  (1)  rev. 
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rmation  of  tn®  large  ions  of  the  smaller 
on  rue  zero  mode  they  convert /transfer  in  the 


described  above  high-f reguency  councing.  3ut  if  the  rate  of  formation 
of  large  ions  exceeds  tnis  critical  value,  that,  in  particular,  for 
the  air  corresponds  to  mean  pressure  in  the  chatnber/camera  3,2»10“* 
torr,  then  with  the  disconnection  of  extraction  voltage  after  the 
sufficiently  rapid  damping  of  oscillations  on  the  zero  mode  the 
circulating  proton  beam  proves  to  ue  completely  stable.  This  sharply 
decreases  the  losses  of  particx.es  in  the  vertical  line  and  increases 
the  coefficient  of  capture  to  tne  value,  close  to  unity  (Fig.  5).  The 
storage  time  of  protons  in  this  case  is  determined  in  essence  by  the 
lifetime  of  proton  on  multiple  scattering. 


A  change  of  the  potential  of  neara  in  this  case  shows  that  the 
degree  of  space-charge  neutralization  of  proten  beam  by  secondary 
electrons  close  to  lOOo/o  wita  its  f ull/total/complete  stability  and 
number  of  particles  on  the  patn/track  ~1.5»1011. 


One  should  especially  emph  'rize  that  without  the 
operation/procass  of  the  removai/ctistance  of  secondary  charged/loadsd 
particles  at  the  initial  stage  of  the  injection  of  protons  on  the 
path/track  it  is  possible  to  accumulate  not  more  than  1.5«10l<> 
protons  as  a  result  of  the  development  of  the  coherent  high-frequency 
instability  of  beam,  descrioed  aoove. 
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Ths  achievement  of  staola  space-charge  neutralization  of  proton 
beam  at  the  intensity  of  tne  oraar  of  maximum  on  the  space  charge 
makes  it  possible  to  hope  to  overcome  this  limit. 

As  can  be  seen  frcm  pracearng/previous,  interaction  of  the  beam 
of  the  circulating  protons  with  secondary  charged/loaded  particles 
leads  to  the  series  'row  of  affects.  The  qualitative  behavior  of  the 
coherent  bouncing  of  protons  on  the  high  modes  will  agree 
sufficiently  well  with  tna  representations  about  the  two-bundle 
lateral  instability  of  system  proton  beam  -  electronic  cord  [3-5]. 

The  observed  with  rcugu  vacuum  bouncing  of  proton  beam  on  the 
zero  mod  3  can  be,  apparently  identified  with  the  instability,  caused 
by  interaction  of  the  circulating  proton  beam  with  their  trace, 
formed  from  the  heavy  large  ions,  oy  for  the  first  time  examined  by 
Hereward.  The  experimental  dependence  of  the  increment  of 
oscillations  on  the  zero  mode  on  kind  and  density  of  gas  will  agree 

with  the  behavior  of  the  increment  of  Hereward.  At  the  air  pressure 

V 

2. 3*10~4  torus  and  with  connected  extraction  voltage  800  the 

increment  of  ths  observed  zero  point  oscillations  composed  0.12 
reverse  revolutions.  Calculation  under  these  conditions  gives  close 
value.  Taking  into  account  that  tne  expression  for  the  increment  was 
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ootained  under  the  very  simplified  assumptions,  the  coincidence  of 
increments  can  be  considered  satisfactory.  In  [6]  was  not  examined 
the  affect  of  any  mechanisms  of  fading  on  this  instability.  The 
threshold  character  of  the  development  of  the  observed  by  us 
instability  on  the  zero  mode,  apparently,  can  be  explained  by  the 
effect  of  any  of  these  mecnanisms. 

Stability  it  is  sufficient  intense,  completely  compensated 
proton  beam,  that  was  being  ooserved  by  us  at  a  sufficiently  high 
pressure  in  the  chamber/camara  it  is  possible,  apparently,  to  explain 
as  follows.  Let  us  consider  tne  efrect  of  large  ions  in  the  beam  only 
as  the  supplementary  focusing  force,  which  acts  on  the  compensating 
electrons  (frequency  shift  of  the  coherent  betatron  oscillations  of 
proton  beam  we  will  disregard/negiect) ,  The  dispersion  equation  of 
this  system  takes  the  form 


F* 


y  n 


p  - 

“  m 


V 

*1 

M 


•  m«4 


'(ic-fj*-v*  "  $Kp  Jl  J2i  "  r1  ' 

r  tn  n 

where  u0  -  frequency  of  revolution  of  protons;  n  - 

electron  density,  large  ions  ana  protons  respectively;  k  -  number  of 
mode;  M  and  m  -  mass  of  proton  and  electron.  From  the  dispersion 
equation  it  follows  that  this  system  is  stable  on  the  modes 

As  can  be  seen  frcta  this  expression,  the  stability  of  system  depends 
on  the  absolute  density  cf  large  ions.  This,  in  particular,  is 
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explained  the  positive  effect  of  cleaning  secondary  particles  of 
initial  stage  of  accumulation  from  beam.  At  the  low  density  of 
protons  in  orbit  the  degree  of  ionization  of  residual  gas  is  low  and 
does  not  provide  stability  At  an  average/mean  residual/remanent 
pressure  in  chamber/cantara  ~4.10“s  torr  (air)  ionic  density  in  beam 
which  corresponds  to  tne  stability  of  proton  beam  on  the 
modes  to  k~60.  The  fact  tnat  tne  instability  is  not  developed  on  the 
very  high  modes,  can  be,  apparently,  explained  by  weakening  the 
effective  field  of  interaction  of  proton  and  electron  beams  for  the 
short-wave  disturbances/pertumations.,  Furthermore,  for  the 
short-wave  oscillations  consiaeraoly  is  amplified  that  stabilizing: 
the  effact  of  the  energy  spread  of  protons  in  the  beam. 


Pig.  5.  Current  of  protons  on  tne  path/track  (a) ,  detectad  signal 
from  the  induction  electiou^s  or  zae  vertical  position  of  beam  (b) , 
stress/voltage  on  rhe  extracting  plates  (c)  .  On  th2  horizontal  50 
ps/div. 
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Discussion. 

A.  A.  Koloraenskiy.  Whicn  tna  rinai  goal  of  your  investigations? 

V.  G.  Shauovskiy.  Purpose  of  our  investigations  -  to  decrease  the 
limitations  on  the  space  cnarge  m  the  initial  part  of  the 
accelerator  and  to  move  into  tne  region  of  smaller  energies. 
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90.  SYNCHROTRON  MOTION  IN  A  STRONG-FOCUSING  PROTON  SYNCHROTRON  IN  THB 
PRESENCE  OF  A  SPATIAL  CHARGE. 


I.  Gumovskya,  K.  Raykh, 


1  ) 


(CERN) 


1.  Introduction. 


If  synchrotron  motion  in  one  case  of  the  negligible  forces, 
connected  with  the  space  cnarges,  is  well  known  £13,  then  this 
not  entirely  then  for  tne  oearns  of  the  large  intensity  when  the 
forces,  connected  with  the  space  charges,  no  longer  are  small  in 
comparison  with  the  external  focusing  force.  We  investigated  the 
static  case  (decision  ox  tne  equation  of  Poisson  with  the 
introduction  of  relativistic  correction)  for  four  particle 
distributions:  1)  permanent  density  in  longitudinal  phase  space 
[2-4],  2)  distribution  according  to  the  parabolic  law  in  geometric 
space  [5,  6],  3)  distribution  according  to  the  law  of  cos*  in 
geometric  space  [71  and  4)  permanent  bulk  density  within  the 
ellipsoid  in  the  geometric  space.  Results  are  expressed  through  the 
areas  of  high-frequency  capture  regions  (or  "benches11)  ,  the 
coefficients  of  grouping  and  synchrotron  frequencies  as  the  functions 


i 
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of  a  number  of  circulating  particles. 


Ondsr  tha  assumption  of  tie  sinusoidal  fora  of  radio- frequency 
voltage  and  absancs  in  the  frequency  of  the  errors  for  accelerating 
field  synchrotron  motion  when  field  EtJ»  of  longitudinal  space  charge 
is  present,  can  be  expressed  ny  equation  [1-6]1 

2«RSE0  d  f  s'3  dy  '\ 
he 2  dt  \oty9-i  dt;* 


-•v 


(l) 


*lm|-clmp0  , 

,  \  +2*cR*E ._(»“%), 
otpfj  T 


whera  a  -  ths  mean  radius  of  the  cnamber/camera  of  synchrotron;  E0  - 
rest  energy  of  particles;  n  -  Harmonic  order  of  accelerating  field;  c 
-  speed  of  light;  y  -  Lorenz  factor;  e  -  elementary  charge;  VR^  - 
amplitude  of  radio-frequency  voltage,  and  angle  *  -  is  counted  off 
from  zero  this  stress/volcage. 


FOOTNOTE  l.  Sore  detailed  data  are  given  in  the  internal  report  of 
CERN  [8],  ENDFOOTNOTE. 

Higher  than  transition  point  is  accepted  convenient  for  ths 
calculation  form  [9]  of  equation  (1);  in  this  case  the  values  * 
always  lie/rest  at  tha  interval  -  (for  the  stable  motion),  and 

valus  *0  remains  constant. 
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For  simplicity  it  is  accepted  that:  1)  depends  only  on  the 

longitudinal  coordinate  s,  2)  oeam  and  vacuum  chamber  have  circular 
cross  sections  and  3}  tnis  cnaiaoer/camera  is  uniform,  deprived  of 
losses  and  is  coaxial  witn  the  beam. 

In  order  to  determine  fiord  distribution,  clearly  or  implicitly 
is  accepted  certain  linear  charge  uistribution  X.(s)  per  the  unit  of 
length  s  and  is  calculated  the  corresponding  static  potential, 
utilizing  a  formula  for  tne  capacity/capacitance  of  coaxial  (which 
does  not  consider  effects  at  the  ends/leads  of  the  cluster2 

VC *)«Me)/C(«)>  (2) 

where  C(s)  -  capacitance  par  unit  length  s  between  the  beam  of  radius 
U(j(*)  and  the  vacuum  chamber  of  radius  o^.i 

FOOTNOTE  2.  The  admissibility  of  tnis  simplification  is  shown  in 
Appendix.  ENDFOOTNOTE. 

Then  the  longitudinal  component  of  electrical  field  on  the  axis 
of  bundle  can  be  written  in  tne  fora 

Es#-dV(s)/ds.  <3) 

In  order  to  introduca  in  (3)  relativistic  correction,  replace 
all  lengths  1  measured  along  axis/axle  s  by  j t,  and  the  density  of 
charge  \(s)  on  y’tc*).  In  the  majority  of  the  cases  in  question  this  is 
equivalent  to  the  replaceaent 
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If  we  disregard/neglect  change  y  in  the  course  of  time,  aquation 
(1)  can  be  integrated  ever  *  J. 


_ C-&-U 

2h  e3  otr  -1  \it/ 


2JtRSE( 


.-ev 


RF 


co6i;  +  <p  sinv0  , 


<*S<1 


l-cos(<t-2<f0)+Vsi,tr<f0,  «j-2>1 


+  (4) 


+2«ReV((p)/y2, 

where  c0  -  integration  constant,  and  7 (*)  -  the  prescribed/assigned 
function;  <*  -  potential  function  (2)  ,  expressed  as  function  <t>. 


FOOTNOTE  3.  In  many  practical  cases  it  is  necessary  to  rata/estimate 
space-charge  effect  after  occurred  adiabatic  fading  of  any  type.  For 
this  it  is  necessary  tc  solve  eguation  (1),  taking  into  account  that 
E8J(<p-f9)  depends  on  j.  E NDFOOTNOTE. 

Page  24. 

♦ 

Tha  comparison  of  different  distributions  is 
accomplished/realizad  as  follows.  In  all  cases  this  comparison 
relates  to  one  and  the  same  parameters  %tVnr, N ,  where  N  -  number  of 
circulating  particles.  For  the  filled  capture  region  the  length  of 
cluster  is  determined  from  eguation  (4)  for  each  distribution.  For 
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the  partially  filled  capture  region  is  accepted  one  and  the  same 
length  of  cluster  in  the  case  or  negligible  space  charge  for  all 
distributions.  It  is  obvious  chat  cha  latter/last  assumption  is  not 
completely  correct,  but  it  is  convenient  for  the  calculations. 

2.  Area  and  height  cf  capture  region  (cluster)  ,  coefficient  of 
grouping  and  frequency  ci  syncnrotron. 

Assuming/setting  y=d^/dt=»  and  introducing  standardization 

,which  was  owing  utilized  earlier  [9]  (where  Q0  -  the 
angular  frequency  of  small  synchrotron  oscillations  for  N=1),  we  will 
obtain  equation  separatricas  in  the  fora 

‘f  cot 

LUos(v-2«f#)*-cosCV2(fp)j  (5) 

'  % 

**(!•)#,(»)  , 

where  C0(N)  and  Ct  (N)  f  x  (*)  -  tne  functions,  which  depend  on  the 
charge  distribution;  ~  aoscissa,  which  is  determining  to 
saparatrix  (point  of  unstaole  equilibrium),  and  upper  and  lower  terms 
and  signs  relate  respectively  to  tne  regions  below  and  higher  than 
transition  energy.  If  -  anotner  value  *,  for  which  »jn“0ithen  the 
normalized  area  of  capture  region  is  determined  by  the  expression 
(for  the  brevity  subsequently  is  everywhere  examined  only  the  region 
lower  than  transition  energy) 
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*(N)n"  X  J  Vn(*)d»-  (8) 

The  half-height  of  capture  region  is  equal  to 

l^nmax-  $*(%)■  (7) 

If  is  required  to  determine  tne  sizes/dimensions  of  the  cluster, 
which  stretches  froa  *t*  to  92e  in  the  partially  filled  capture  region 
or  the  coefficient  of  grouping  V,  then  it  is  possible  to  use  with  the 
same  equation  (5),  after  replacing  Vn*V,.»2>  The 

coefficient  of  grouping  is  determined  by  the  relationship/ratio 

B"  2«RX*(s)maat '  (8) 

In  order  to  find  frequency  of  syacnrotron,  it  is  necessary  to  have  an 
equation  for  the  particle  trajectory  within  the  cluster.  It  was 
obtained,  on  the  basis  of  tne  fact  that  potential  well  was  identical 
for  all  trajectories.  Then 

%i(»)-^co»y-co8^(9-f2l)«l n ?,*  Ca(H) #*(?)  .  <•> 

The  angular  frequency  of  synchrotron  oscillations  is  equal  to 

r  -dy;  .  (10) 

Expressions  for  E#Jf  £,$ (f)(1),  C0  and  Cift  (5)  and  C2f2  (9)  are  given  in 
Table  1,  and  value  X(s)  and  a  (d)  -  2. 


Let  us  make  several  final  cnservations  [8] 
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Dus  to  tha  neglect  or  dependence  on  the  transverse 
coordinates  in  (3)  all  utilized  fields  are  electrostatically 
mismatched. 

Only  distribution  *=const  in  the  space  (0,  0)  is  stationary 
according  to  Kapchinskiy .  In  other  distributions  "external" 
trajectory  and  envelope  of  charge  do  not  coincide  in  the 
precision/accuracy. 

At  points  and  4>2  tne  distribution  <r=ccnst  leads  to  the 
interruption/discontinuity  in  y*  lover  than  transition  energy  and  to 
the  interruption/discontinuity  into  y  -  higher  than  transition 
energy.  Discontinuity  can  be  removed,  for  example,  by  tha 
introduction  to  special  function  [5,  3],  which  affects  in  essence  the 
ends/leads  of  the  cluster.  Ellipsoidal  distribution  it  leads  also  to 
the  special  feature/peculiarity,  if  it  are  are  utilized  together  with 
the  formula  for  the  capaci-cy/capacitanca.  This  difficulty  can  be 
removed,  selecting  C0=R  {0o~0i) /h,  i.e.,  combining  one  end/lead  of  the 
ellipse  with  0t. 

In  prascribed/assignea  accelerating  field  the  forcas  of  space 
charge  do  not  change  the  length  of  capture  region  in  the  case  of 
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distributions  according  to  tna  law  <r=const  and  cos*.  In  the  case  ci 
parabolic  and  -ellipsoidal  aiscr anutions  these  forces  shorten  the 
capture  regions  lower  tnan  transition  energy.  For  all  distributions 
of  area  and  height  of  capture  regions  decrease  below  transition 
energies  and  grow/rise  above  transition  energies. 


3.  Numerical  results  and  ccnciusion/output. 

Figure  gives  the  results  of  calculating  the  area  of  capture  j 

region  for  booster  [10]  cf  protcn  synchrotron  of  CERN  (PS3)  ,  > 

v 

5 

undertaken  as  an  example,  Tne  values  of  the  coefficient  of  grouping  \ 

S 

are  given  in  Table  3.  For  tae  paramsters  in  question  the  area  of  - 

s 

'? 

capture  region  and  its  neignt  uecraasR  to  10-35%.  j 


I 

i 

i 

t 
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(page  2:Q  Table  1.  Expressions  for  Esi(ip),  C0  (N)  ,  Ct  (M)  f  t  ($)  and 
C2  (N)  f2(*)  . 


(t  > 

PacnpeaejwHHC 


«Vcosi|o  N _ 

IShOo  at(N)|, " 

-  const 

,.'paHCT’>e(ij^ 

riupa6o/iHHecKQO 

3*) 

sPot^^(urtU^2t) 

q5> 

cosfe 

3juinnco«oanbHoe 

3a  H  ** 

»mw^;cotK< 

2VV94?j 


M(*>  (6/m) 


h%05  $ 

V 


C.tH) 


VT  «hg0N 

'35Wv^l^ 


C,(l*)*,(f) 


«»(«)#»(*) 


+  Go"  const  ^oCW^W^)] 


3ehQ,N 


9-90 

(<#r%)a 


|(<f-9.W<far¥0) 


j(a)*-'  j ' ,  pw 

W-« 


«i%  %~h 

0 

2JtREc 

"“I**1 

-*.  *~>a 
frfc  Vv. 

v«r 

CflSJC'— ^"t-l 

*r%  J 

ci 

♦tf*.  **«“?o 

KZ±&.ea«2lLlL 


3«kh  r 


1 

‘  ,  .  -Haft 

iWjwj 


*  Poraulas  is  not  possiole  to  d.J  :ectly  utilize  abova 
transition  energies  [8];  +/*  it.  relates  to  the  boundary  of  cluster; 

<J0-H-2€n(atr/a#) 

**  Principal  a^es/axles  *»*»c0[-R(y0-$,)/h],  E#*(tp)  is  based  on  (2), 
tjp-l+MniOy/a).  For  the  partially  filled  capture  regions  C2=0  when 

Key:  (1).  Distribution.  (2).  in  the  space.  (3).  Parabolic.  (3a).  or. 
(4).  Ellipsoidal. 
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Tabla  2.  Expressions  foe  a  (s)  and  3. 


„  a ) 

Pacnpeae/iGHH® 

Ms) 

3 

npHM6M£^^ 

M_e\lcos  <fio  «  _ 

”  ^  ioha0  «(H^ 
(O'  •const 

s  npocTpaHCTBe 

(*.v) 

2«h  . 

— * 

mm  -  —  — 

a(N)ne 
n  4n  max 

(*4\ 

ilpocToro  BbtpaweHHH  nnn 
B  Her 

C5) 

riapa6onn>iecKoe 

30  N 

’"(tJ 

.’“(ii)*  ¥*<a 

B  cnasl  3aBHCitT  ot 

H  ( <iepeo  »  g>2 ) 

33Z 

cos2 

. 

h^j-s,) 

*  JtS 

cos  as7> 

5 _ _ _  ^  _ 1 _ r 

~nr 

<l) 

B  He  388HCHT  OT  N 

3ni nnrnjHe^Koe 
J)-3»le/(wihac0)e 
-const 

It  pa* 

3<> 
*  4hc 

K-fl- 

‘-'Hn 

3jcR 

3jt 

Herfp^onHo  b  cny^ae 
acMMMerpHHHbix  crycT- 

KOB 

Key:  (1).  Distribution.  (2).  tfote.  (.3)  in  the  space.  (4).  There  is 
simple  expression  for  B.  (b)  ■  Parabolic.  (6)  B  weakly  depends  on  N 
(through  and  *2)  .  (7).  B  does  not  depend  on  N.  (8).  Elliptical. 

(9).  It  is  unsuitable  in  tr»e  case  of  asymmetric  clusters. 

Page  16. 


It  is  evident  that  tae  distribution  according  to  the  aw  of  c 
leads  to  the  values  of  the  coefficients  of  grouping, 
approximately/exemplarily  for  JOo/o  smaller  than  in  the  case  of 
distribution  v=const. 
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Analogous  results  were  ootained  for  present  and 
projected/designed  parameters  [d]  of  proton  synchrotron  of  CERN 
(CPSi .  Relative  (in  comparison  wita  the  zero  intensity)  frequencies 
of  synchrotron  into  CPS,  that  correspond  to  small  and  large 
amplitudes,  are  giver,  in  Taoias  4  and  5. 

?or  large  amplitudes  is  equal 


s’* 


.  t*  t 

0-con<tf  napafiommecKoe 

pacnpeaen«HH«,  (11) 


Mp \ 


lacnpaaenextte  cos 


Key:  (1)  parabolic  distribution.  (2)  distribution  cos2. 

As  can  be  seen  from  the  jiven  below  tables,  the  dominant  role  of 

the  forces  of  space  charge  is  reduced  to  the  fact  that  they  decrease 

the  synchrotron  frequency  lower  than  transition  energy  and  increase 

its  above  transition  energies®  The  change  of  frequency  of  small 
synchrotion  oscillations,  depending  on  the  number  of  circulating 
particles,  is  roughly  proportional  to  the  curvature  of  distribution 
of  charge  density  with  *-f0. 

Of  four  calculated  values  it  is  most  convenient  for  tne  direct 
measurement  3  and  Q.  since  the  frequency  of  synchrotron  depends  both 
on  particle  distribution  and  on  intensity,  it  is  the  most 
adequate/approaching  value  for  the  experimental  check. 

Unfortunately,  until  taere  exists  instrument  for  its  direct 


•  I 


V 


If 

;  % 


measurements.  The  estimation  of  frequencies  of  the  synchrotron  in  CPS 


DOC  =  80069302 


PAGi! 


was  obtained  during  the  lattar/iast  several  years  by  observing  the 
oscillations  of  the  maximum  cnarge  density  in  the  process  of  work  of 
the  accelerator.  The  frequency  of  these  oscillations  does  not  depend 
[11]  in  the  limits  of  tne  measuring  error,  equal  to  approximately 
2o/o,  from  the  intensity  of  proton  beam  in  the  range  from  0.07  to 
1.8«1012  protons  per  pulse. 
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Area  of  cluster,  included  oy  stanaardired/normalized  envalope  of 
charge  for  the  booster  or  CSflH,  Q-va0.03  m.  Curves  for  50  aeV 
correspond  to  the  filled  capture  region  a  ~  T"50  MeV; 

VRF=«12  1^7,  <*0  =  4 . 8 ;  at-0,02M;  o  -  X=d00  SeV,  Vrp-3  kV  ,  *o=0.1°, 
A#=220°,  a6  *  0,01m;  B-T=8  00  «e¥,  >CV ,  #0=4.8®#  A*=147°,  Qft  =*  0,01m; 

-  <r=const  in  the  space  (*,  *)  ;  2  -  parabolic  distribution;  3  - 
distribution  according  to  the  law  of  cos2. 


Tabla  3.  Coefficients  cf  grouping  for  H=2.5«10lz  to  the  ring. 


Key:  (1).  Paraaeters  of  tae  accelerating  systea.  (2).  Distribution 
(3).  Heif,  (3a)  kV.  (4).  Paracolic  (ellipsoidal), 


“  *V*  ‘  *■'  -  --•*  -S > W 
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Table-  4 1  Relative  frequency  of  synchrotron  in  CPS  for  small 
amplitudes  with  different  enerjj.es  \/D_  =130  kV ,  * **a=30°). 


N  =  10 


f3> 

napafionwHecKoe 


N  =  2.10  N  =*  10  N  =  2.10  N=  10 


1,053  Ben  o6nacrb 


0,956 

<0,2 

1,42 

1,08 


*  Ideal  adiabatic  value. 


**  Measured  value. 


Key:  (1).  Length  of  cluster.  (2)  in  the  space.  (3).  Parabolic.  (4). 
Entire/all  capture  region. 
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In  order  to  match  this  result  wren  this  work,  it  would  be  possible, 
for  exampla,  to  consider  that  (1)  real  distribution  has  with  *=*Q  the 
smaller  curvature  than  any  ona  of  the  investigated  distributions,  or 
that  (2)  the  observed  oscillations  are  not  the  oscillations  of  single 


DOC  =  30069302 


PAGd  /£$? 


particlas,  as  it  was  accepted  anova,  but  by  the  oscillations  of 
envelope,  for  which  the  smft/shear  is  4  times  lass  [5,  12]. 


Application/appendix. 


Comparison  of  the  exact  solution  of  the  equation  of  Poisson  with 
the  formula  for  the  capacity/capacitanca  in  the  case  of  ellipsoid 
with  the  permanent  bulk  density  of  inside  cylindrical  uniform  coaxial 
vacuum  chamber/camera  witaout  tne  iossas. 


Let  us  examine  the  evenly  cnaraed/loaded  ellipsoid 


l2  l2  n 2 

■"  ’  Co>8>1 


with  bulk  density  We  3 

p  h  4*a8c0  * 


P(x,  z,  s)  -  point  inside  or  out  of  surface  ( A 1 ) -  It  is  known 
[for  13]}that  for  the  isolated/ insulated  ellipsoid  the  potential  at 
point  P  takes  the  fora  within 


insic/d  (  M</0)-M«(0)x*-MsC0),*-M$(0)  a*), 

*  (A2) 

oufcsuje  VPf-;^(M0(k)-Mx(k)x,-M1(l<)a-Ms(k)*1), 


where  H  -  form  factors  of  ellipsoid.  Let  a-8  and  the  ellipsoid  be 
surrounded  by  the  coaxial  ideally  conducting  cylinder  of  radius  av. 
Then  parameter  k  in  (A2)  is  equal  to 
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-a  „a  _a  '2 
i  *  Cq  Cl  Cly 


(A3) 


/  a  a  a  a\2 

.  \  /  «  -c„-a  -atr  i  .  _i  2  a,  a  2, 
V\ -  2 - /  +a  s  +c0(av-a  ) 


and  potential  on  the  surface  of  cylinder  takas  the  fora 

A  4 

Vs>“  4l7‘(M^k)'Mx(k)VWs,)>  (A4) 


whera 


,  1  „  VCo  +  k  +  A  ./“ 5  T 

M,(K)»7en^cy;yT>  A*Vco-^, 


Mx(k>’ 


<  V  Cp  +  k  J_  \Jcptk~A 
A1  a2+k  +2A3  n\Jcgi-k  +  A  ’ 


MS(K)«A3 

L  V^-A  ¥$♦*] 

Let  us  examine  the  boundary- value  problem 

AV(s/i)»^-£^j-f-|^«o,  O^jy;  -<s<*o. 

( A5) 

7(3,5^)- VP#(S!)  ,  determined  from  (A4)  . 

With  the  aid  of  the  Fourier  transform  it  is  possible  to  show 
that  decision  (A5)  is  written/recorded  in  the  form 


V($'a)*2|t(^F^T)C03ST(l'r' 

•• 

Fvtr*"  Jt  \  Vp/S)  cos  T*  ^  • 


( A6) 


l 
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Thus,  the  potential  distribution,  created  uniform  by  the 
charged/loaded  “llipsoid  is  inside  of  the  ideally  conducting  coaxial 
vacuum  chamber/camera  can  be  presented  in  the  form 


oa4c2 

VL(s,x) -  (M(0) -  Mx(0) X2-  Ms(0)s2)  - V(S,X) , 

paV 

Ye(**‘l)ls  ~~  (M0(k)-Mx(k)x2-M3CK)S2)-V(s,t) . 


(A7) 
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Table  5.  Relative  frequency  of  synchrotron  in  CPS  tor  the  large 


amplitudes  with  differr-nt  energies  VRP  =130  kV.  *o=30°)  . 


JJJ— 

U/THHa  crycT- 

CMewe- 

- - 

••const  ^n^oprpaiicTBe 

— ■  4  V  ) - 

riapo6onHHecKoe 

cos* 

X 

xa 

H*e  nac- 
TOTbl* 

N  =  1012 

N  -  2-10 12 

N  -  1012 

12 

N=  2#1(J 

N=  1012 

12 

N=  2«  10  U 

1,053 

(5) 

Be a  o6nacrb 

0,896 

0,994 

0,989 

0,994 

0,988 

0,988 

0,974 

5,6 

3axB8Ta 

33° 

0,99 

0,957 

0,901 

0,917 

0,826 

0,770 

0,450 

29° 

0,99 

1,04 

1,08 

1,08 

1,15 

1.14 

1,26 

7 

54° 

0,99 

1,00 

1,01 

1,01 

1,02 

1,02 

1,05 

12 

24° 

0,99 

1,04 

1,05 

1,05 

1,11 

1,10 

1,18 

84° 

0,96 

1,00 

1,00 

1,00 

1,00 

1,00 

1,01 

*  Frequency  switch  in  comparison  with  small  amplitudes  for  *=1. 


Key:  (1).  Length  of  cluster.  (2).  Frequency  switch  *.  (3)  <r=const  i 
the  space.  (4)  .  Parabolic.  (5)  .  Eatire/all  capture  region. 
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Introducing  the  usual  relativistic  correction  s— ^ys,  c0-^yc0, 
obtain  an  electric  field  witnin  vacuum  chamber 


•r  8Jtht0 

M 

„  p  i.c'i  x> 

r,(«Tt)  FrW«i»r«A*. 

0 


(A8) 


Then,  if  we  disr egar d/neglect  adiaoatic  fading,  the  equation  of 


7  :  '5V., 
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synchrotron  oscillations  with  tne  energies  lower  than  critical  will 


take  tha  fora 


TF  IF ">  V  ts“  » ' ’  sl"  »•> ' _ 


If  we  assume  first  in  (A9)  r=J  and  to  examine  linear  component 


^$r,  then 


where 


M  -  Sfftph  -  _ 5 _ P  dt; 


•  s  3NerR 

>C*  4*0haVRf 


If  we  integrate »  (A10)  and  to  analyze  for  that  fixed/recorded 
Sc  (in  parameters  PS8  and  CPS)  tnat  results  will  differ  from  the 
appropriate  results,  obtained  wita  use  EtJ.  from  capacitive  formula 
(3)  only  by  third  significant  digit. 


FOOTNOTE  l.  Integrals  in  (A6) ,  (A3)  and  ( A 1 0 )  with  difficulty  are 

calculated,  since  in  then  the  integrands  are,  since  in  them  the 
integrands  are  rapidly  oscillating.  Utilizing  asymptotic  expansions 
[8],  it  is  possible  to  convert  integrals  in  such  a  way  that  in  the 
integrands  it  would  not  be  the  oscillating  terms.  Then  tha 
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calculation  of  integrals  of  type  (A8)  and  (A  10)  occupies  about  5  s  in 
electronic  computer  CDC  boQO.  ENDPOOTNOTE. 


If  the  same  procedure  is  fulfxiiad  for  equation  { A9 ) #  again 
assuming/satting  r=0,  tnen  results  will  differ  per  unit  in  second 
significant  digit,  which  is  completely  acceptable  for  purposes  of 
this  investigation. 
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Di scussion. 


V.  A.  Kolomenski y.  Synchrotron  frequency  in  your  explanation  depends 
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on  time.  But  you  are  close  approaca  the  transition  energy,  and  how  I 
do  understand,  you  dc  not  nave  data  about  the  behavior  of  frequencies 
near  the  transition  energy? 


K.  feich.  It  is  very  difficult  to  aeasure  the  frequencies  when  you 
are  located  near  the  transition  energy.  However,  it  is  possible  more 
or  less  accurately  to  assume  according  to  the  results  of  measurement, 
and  also  by  extrapolation,  as  will  behave  these  frequencies.  We 
fulfilled  some  extrapolation,  since  the  direct  measurements  with  the 
transition  energy  cannot  oe  directly  taken.  According  to  these  data 
it  is  possible  to  arrive  at  tne  conclusion  that  there  is  a  steady 
transition  of  frequency,  out  not  tnat  jump  which  was  by  us  obtained 
during  calculations. 
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91.  INTERACTION  OF  BEAM  Willi  INSTALLATION.  SLECTROD  YNAMICS  0? 
RELATIVISTIC  BEANS  IN  VACOUtl  CHAMBERS  OF  VARIABLE  CROSS  SECTION. 

Ye.  Kayl,  B.  Tsottar. 

(CERN)  . 


The  longitudinal  staDa.la.ty  of  ths  beam  of  ungroupad  drifting 
particles  can  be  determined,  comparing  the  impedance  of 
connection/communicaticn,  caused  oy  the  surrounding  vacuum 
chamber/camera,  from  the  curved  zero  rate  of  growth  in  the  plans  of 
complax  impedance.  The  character  of  this  carve  depends  on  energy 
distribution  in  the  beam,  nut  usually  it  rs  completely  satisfactorily 
it  is  possible  to  approximate  oy  tns  circumference  of  ths  normalized 
radius  2/w.  Then  stability  criterion  can  be  written  in  ths  form  [1] 


Jl 

n 


lILL  f  ^  \ 

flo  \  m0c  /  » 


(1) 


where  z  -  impedance  of  ccnnecta.cn/communication ;  n  -  number  of  the 
mode  of  disturbance/perturoation  (number  of  wavelengths  on  the 


DOC  =  80069303 


PAGE  //*- 


perimeter) ;  E0  -  rest  energy,  e  -  charge  m0  -  rest  mass  of 
particles ;  ~  critical  energy);  T  -  Lorenz 

factor;  I0  -  beam  current;  2Ap  -  f ull/total/complste  spread  of 
impulsas/monipnta/pulsas.  suostitutmg  the  value  of  the  parameters  for 
the  rings  of  CERN  (ISR)  ,  4<i  will  ontain  that  the  strictest 
limitations  are  superimposed  in  the  beginning  of  the  process  of  the 
accumulation  when  must  ce  z/n<lO  oaa.  For  the  full/total/complete 
accumulation  the  limit  exceeds  1  kiloohm.  These  criteria  are  valid 
for  the  slight  disturbances  of  beam  and  give  only  the  threshold  and 
the  initial  velocity  of  increase. 

During  the  last  few  years  xs  carried  out  the  estimation  of  the 
contributions  of  differant  elaaents/cells  of  vacuum  chamber  ISR. 
Contribution  from  resistance  of  wail  is  5  (1  +  j)  ohm  for  the  lowest 
mode  and  it  is  considerably  lass  for  all  higher  modas.  The  impedance 
of  connection/communication  of  nign-f requency  resonators  is  reduced 
to  several  ohms  by  strong  feedoacx  [2].  The  contribution  of  the 
suction  electrodes  is  determined  by  thair  characteristic  impedance 
and  for  the  lowest  mode  is  approximately  3  j  chm.  Bellows  and  other 
changes  in  the  cross  section  give  mainly  inductive  additions.  At  the 
low  frequencies  capacitive  addition  is  created  only  by  instability  of 
the  type  of  "negative  Mass"  and  corresponds  to  the  impedance  of 
connection/comaunica ticn  inedeal  or  the  conducting  vacuum 
chamb  r/camera.  The  active  part  ox  the  full/total/complete  impedance 
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remains  less  than  10  ohms,  nut,  inductive  grows/rises  to  20  ohms. 
Taking  into  account  the  Scvara  limitations,  which  lead  to  the 
criterion  10  ohms  (for  example,  utilizing  design  density  in  the  phase 
space  not  yet  achieved/reacned  in  the  injector),  it  is  possible  to 
see  that  the  situation  at  tne  lew  frequencies  is  not  ideal,  but  it 
can  ba  considered  acceptaoie. 

Picture  sharply  is  cnangeu  at  the  more  high  frequencies  when  the 
resonance  effects  of  changes  in  the  cross  section  can  increase  the 
impedance  of  connect ion/commuuication  z/n  several  orders.  Although 
the  resonance-  frequencies  on  tne  wnole  are  not  multiple  to  frequency 
of  revolution,  resonance  peak  usually  is  sufficiently  wide  in  order 
to  overlap  several  modes.  Furtneraore,  real  frequency  shift  can  prove 
to  be  sufficient  in  order  to  move  resonance  for  the  integral  number 
cf  mode. 

In  order  to  rate/estimata  tne  resonance  impedances  cf 
connection/ccmmunicaticn ,  we  investigated  [3]  the  simplified  model, 
shown  in  Piq.  1.  Disregarding  tne  curvature  of  ring,  we  raplaced 
vacuum  chamber  with  the  infinitely  long  straight  cylinder  of  radius 
8.  Periodically  -  with  the  period  2,* R,  which  corresponds  to  the 
perimeter  of  ring,  divided  into  a  number  of  equidistant 
elements/cells  -  a  radius  or  chamoer /camera  grows/rises  to  value  d  at 
length  g  ("  gap  length),  forming  resonators.  The  concentric 
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cylindrical  beam  of  particles  of  tne  radius  ana  moves  along  tha 
axis/axis  of  chamber /camera  with  sreed  (3C.  It  is  accepted  that  the 
undisturbed  beam  has  uniform  density  with  a  small  longitudinal 
divergence,  which  corresponds  to  tne  number  of  mods  n  (in  this  stage 
it  is  not  compulsory  whole) .  Inis  disturbance/perturbation  generates 
electromagnetic  fields  whicn,  in  turn,  act  on  the  moving/driving 
charged/loaded  particles,  fields  ars  found  from  tha  decision  of  wavs 
equation  with  the  appropriate  noundary  conditions  on  the  metallic 
walls.  For  regions  I  and  II  corresponding  to  beam  and  chamber/camera, 
is  found  the  infinite  set  of  tne  tarse-diraensional/spaca  harmonics 
which  must  be  matched  on  Ea  and  with  the  infinite  sat  of  standing 
waves  in  the  resonators  (region  III).  The  coefficients  A  of 
three-dimensional/space  harmonics  in  the  beam  region  are  determined 
from  the  infinite  system  of  equations  with  an  infinite  number  of 
unknowns  which  can  be  compactly  written  in  tha  matrix  fora 
(U-aNRN+I)  A- O.NRN+B,  (2) 

where  A  -  vector  of  the  coefficients  of  three-dimensional/space 
harmonics  in  tha  beam  region;  B  -  vector  with  unique  non/.ero 
component  Bn»  Tff-  \j  -  unit  matrix;  a--g/2irR;  R  and  I  -  diagonal 
matrices/dies,  which  contain  tne  relations  ol  Bessel  functions;  N *  - 
hermitian  is  conjugated/combined  with  N; 


(•>  .  m 

Svn  axap ,  np«  &  seTHOM  . 

„  a>  t£> 
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Key:  (1).  with.  (2).  even.  (3).  odd. 

where  Np6  is  obtained  by  cna  resolution  by  Fourier  of  the  s  mode  on 
the  boundary  of  resonator  in  terms  of  the  period  2rS;  U  -  aNRN  I  - 
'•nucleus”  of  matrix  equation. 
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Fig.  1.  Diagram  of  calculated  geometry. 

Key:  (1).  Resonator.  (2).  Cnaraner/camera .  (3).  Bean. 

Page  30. 

The  impedance  of  connection/communication  can  be  defined  as 
(negative)  ratio  cf  stress/voltaga  to  the  current  of 
disturbance/perturbaticn,  moreover  strsss/voltage  is  obtained  by  the 
integration  of  the  retarding  electric  field  along  the  trajectory 
during  one  period.  During  tne  integration  all  three-dimensional/space 
harmonics,  with  exception  cf  aaruonic  with  the  same  number  of  mode, 
that  also  in  disturbance/pertur cation,  they  disappear  and  the 
impedance  of  connect ion/comaunication  it  takes  the  form 

— - j,  — (3) 

n  ^  ua  ^2  \  n  / 

Coefficient  An  is  found  from  the  decision  of  matrix  equation 
(2) .  The  direct  decision  or  equation  with  the  aid  of  the  electronic 
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co m pa ter  for  parameters  ISH  is  unrealizable,  since  fcr  this  aiS 
necessary  the  inatrices/dies  wnose  dimensionality  exceed  a  number  of 
resonance  modes  (this  numner  usually  on  the  order  of  several 
thousands  for  the  decimeter  resonators  on  the  circumference  by  length 
on  the  ord  ar  of  1  km) .  The  artiricial  decrease  of  the  length  of 
period  leads  to  the  yielding  to  working /treatment  dimensionality  of 
matrices/dies  and  not  must  not  considerably  change  results,  if  period 
remains  large  in  comparison  with  the  sizes/dimensions  of  resonators. 


Resonance  frequencies  are  determined  from  the  condition  for 
inversion  into  zero  real  parts  of  the  determinant  of  the  nucleus  of 
matrix  aquation. 


Let  us  find  by  other  now  matnod  approximations  for  the  resonance 
impedances.  Converting/transf erring  to  the  new  unknown 
variable/alternating  A*  =  N+iA,  we  will  obtain  the  matrix  equation 

( U  +  aN'*‘INR)A,-aN+NRN+B,  (4) 

which  for  the  form  it  is  similar  to  initial  equation  for  A,  but  the 
order  of  matrices/dies  N  and  N+  in  the  nucleus  is  changed  by  the 
reverse.  This  completely  changes  convergence  properties;  now  it  is 
necessary  to  transpose  cnly  very  small  matrices/dies.  Furthermore, 
nucleus  becomes  almost  diagonal,  and  in  the  approximation/approach  of 
the  smallness  of  the  arguments  of  the  Bessel  functions  of  substances 
to  matrix/die  I  we  obtain  analytical  decision.  From  the  condition  for 


f-  —v 
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inversion  into  zero  real  parts  or  the  denominator  let  us  find  the 
resonance  frequencies 


>'V“c'j(T^+(lE) 


where  -  decision  of  the  transcendental  equation 

_ S iM  _.t 

1  F,(x) 

moreover  Fv(®)-Y0(*«)J;/aO-J0(*syft(*)»  1-0,1- 


Values  depend  only  on  geometric  parameter  X=d/B.  Index  p>0 
can  be  defined  as  the  numner  of  axial  mode  in  the  resonator,  and  q>.1 
-  number  of  radial  mode.  For  tne  lossless  resonator  the  impedance  of 
connection/communicaticn  or  tn<*  lowest  axial  mode 


l  \  .8^  F?fay)  2  ^ 

n/L  Rod  W~6in  2ab 


\ n  / *  R<jd  **  2pb 

Por  the  practical  targets  it  is  possible  to  rewrite  these 
formulas  (and  formula  for  quality  y)  in  the  form 

Woi-^05TxiCa), 

(“F")oi~  200pV5"  4>,(A)3in4-^  » 

Q.01  “  15\J  (ld)8  %(*), 

where  and  -  functions,  which  depend  only  on  X  and  given  in 

Fig.  2.  All  these  functions  approach  unity  with  the  large  ones  X, 
this  corresponds  to  the  case  of  closed  resonator  (3=0) ,  when  these 


.  ’”•5^  aj? 
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formulas  convert/transfer  into  the  known  expressions. 

More  detailed  investigation  snows  that  this 
approximation/approach  is  correct  only  when  along  the  duct,  which 
connects  resonators,  are  not  propagated  waves.  Usually  this  occurs 
for  the  low  modes. 

Most  obvious  variation  in  the  cross  section  in  vacuum  chamber 
ISR  -  the  frequently  repeating  transition  from  the  circular  to  the 
elliptical  duct.  Replacing  elliptical  chamber /earner a  by  circular 
chamber/camera  with  the  equal  cross-sectional  area,  we  will  obtain 
the  impedance  of  connection/commumcation  z/n=3.5  ohm  in  the  presence 
of  the  lowest  resonance  near  1430  MHz,  which  corresponds  to  quality  Q 
on  the  order  of  4900.  The  following  higher  resonance  lies/rests  only 
scarcely  higher  in  the  xrequency  and  has  almost  doubly  larger 
impedance  (with  the  same  quality).  Subsequently  the  impedance  drops 
approximately  as  u”3/2.  Since  tne  ring  contains  about  150  resonators, 
the  f ull/total/coaplete  impedance  cf  connection /communication  is 
almost  1  kiloohn.  It  is  expected  tnat  the  real  value  Q  is  somewhat 
below  due  to  the  imperfection  or  the  metallic  surface  of  negligible 
resistance  of  the  end  walls  and  other  heterogeneities.  Presence  in 
the  majority  of  these  chambers/camaras  of  cleaning  electrodes 
decreases  the  quality  approximately  from  1000  to  800.  This  still 
corresponds  to  the  impedance  cf  connection/communication  of  more  than 
150  ohms.  Therefore  was  initiated  installation  of  extinguishing 
resistances. 
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Fig.  2.  Plottsd  function  %(*) 

Page  31. 

The  sarias/row  of  ether  aiements/cells  of  vacuum  chamber  ISS 
creates  in  the  presence  of  the  resonance  the  large  impedances  of 
connaction/communication.  Suca  aleuents/cells  are,  for  example,  large 
chambers/cameras,  arranged/locatad  for  the  experimental  targets  near 
the  sections  of  intersection.  Therefore  inauguration  of  accelerator 
will  occur  with  the  use  of  simple  X-shaped  sections  of  intersection. 
Subsequently  it  is  plannea/glided  to  electrically  separate/liberate 
large  experimental  chamters/cameras  from  the  beam  with  the 
thin-walled  extensions,  wnich  continue  the  geometry  of  vacuum 
chamber.  These  extensions  must  re  the  thickness  the  only  of  the  order 
of  the  depth  of  skin-layer  at  the  lowest  resonance  frequency  (usually 


DOC  =  30069303  PAGE  M 

several  microns),  but  5t  xs  necessary  to  take  measures  against  an 
excessive  increase  in  the  role  of  the  final  conductivity  of  walls  at 
the  low  frequencies. 
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Discussion. 


A.  A.  Kolomsnski y,  Has  conducted  any  experimental  check  of  effect, 
which  does  exert  ceramic  coating? 

3.  Tsotter.  Experimental  measurements  it  was  not  carried  out,  but  was 
observed  a  change  in  quality  ana  a  change  in  the  frequency  band. 
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92.  STUDY  OF  THE  FLUCTUATIONS  OF  THE  DIMENSIONS  OF  A  BEAM  IN  CIRCULAR 
ACCELERATORS  CONSIDERING  IfaE  SPATIAL  CHARGE. 

P.  R.  Zenkevich. 

(Institute  of  theoretical  and  e xperiaent al  physics)  . 

Basic  effect,  which  limits  tae  intensity  of  beam  in  the  circular 
accelerators  of  protons,  the  decrease  of  the  frequency  of  transverse 
vibrations  due  to  the  pushing  apart,  which  leads  to  the  intersection 
of  parametric  and  summation  rasonances.  In  the  majority  of  works 
[1-31,  in  which  was  examined  tais  effect,  was  applied  the  model  of 
the  "monochromatic"  beam,  waicn  does  not  have  spread  along  the 
betatron  frequencies.  Witn  tha  aid  of  this  model  it  was  shown  that 
besides  classical  parametric  resonance  there  axists  and  tha 
"coherent"  parametric  resonance,  on  which  are  swung  coherent 
oscillations  of  the  si ze/dimension  of  beam.  Purpose  of  this  work  - 
investigation  of  the  affect  of  dispersion  in  the  frequencies  on  free 
and  induced  coherent  oscillations  envelope  of  particles.  The  solution 
of  this  problem  makes  it  possiole  to  also  give  the  simple  treatment 
of  the  affect  of  a  change  in  the  harmonic  of  gradient  near  the 
incoherent  resonance  in  the  presence  of  dispersion  in  the 
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frequencies,  considered  earlier  in  A.  G.  Stadnikov's  work  [4], 


vie  will  be  restricted  suosequently  to  the  account  to  the 
dispersion  of  beam  in  tne  betatron  frequencies,  connected  with  the 
spread  along  the  impulses/momenta/ pulses  (effect  of  the  dispersion  in 
the  frequencies,  connected  wi cu  the  nonlinearity  of  gradient,  leads 
to  the  qualitatively  similar  results)  .  Let  us  examine  first  free 
coherent  oscillations  envelope  of  particles.  In  the  presence  of  the 
dispersion  of  beam  for  the  frequencies  the  equation  of  V.  v. 
Vladimirskiy  and  I.  fi,  Kapcninskiy  in  the  "smooth” 
approximation/approach  can  oe  written  in  following  form  [5]: 


* 


where  'ma*//Vq,;T>  and  z  ~  two  transverse  coordinates;  - 
volume;  sign  <>  indicates  averaging  on  the  ensemble;  - 
shift/shsar  of  betatron  frequency.  Converting/transferring 
Ag  and  linearizing  on  Ag/g,  we  will  obtain  the  equation 


phase 
Coulomb 
from  g  to 


(4** »-3v  l&\l< A$>.  (2) 

Let  ns  present  <Ag>  in  the  form;  <Ag>=c  exp  (iu0>.  Substituting  this 
expression  in  (2),  we  will  obtain  for  «  the  following  dispersion 
equation: 


1 


0,375  /AVk/ 


(3) 


J 


where 
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During  the  calculation  or  integral  in  (3)  should  be  considered 
the  following  fact:  if  tha  pole  of  integrand  falls  into  the  range  of 
integration  ( / —  v0  + men  the  linearization  of  equation  for 
the  envelope,  strictly  speajtiag,  is  wrong.  Actually/really,  in  this 
case  will  be  located  the  particles  (with  >  the  close  ones  to  u/2), 
which  possess  the  infinite  amplitude  of  oscillations. 

This  difficulty  can  oe  removed,  after  assuming  that  in  the 
system  is  a  fading  whose  value  is  more  than  the  width  of  the 
parametric  resonance,  created  oy  coherent  oscillations  of  envelope. 

Page  32. 


Then  the  deviations  of  envelope  it  is  everywhere  final,  and 
dispersion  equation  acguires  rollowing  fora  [6]: 


1-0,375  fAVH| 


Vq+AV 


f*(v)  d>> 


■]. 


(4) 


whara  P  before  the  integral  means  that  is  taken  its  principal  value. 


The  analysis  of  this  dispersion  eguation  shows  that  its  decision 
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exists  only  when  is  satisfied  cue  following  condition: 

AV*  lA\|-0,6.  (5) 

Let  as  examine  now  forced  oscillations  of  envelope.  When  the 
resonance  harmonic  of  gradient  is  present,  the  linearized  equation 
for  the  envelope  takes  the  form 

A<j"+492  Aq -8/AN>k|  A<j  —  3/A^fc  k0.(6) 

Decision  of  equation  (6) 

AH  T°°*l<a  <  Vft-illAiJ  >  p, 

Zero  denominators  in  [7]  determine  the  frequencies  of  free  coherent 
oscillations.  Hence  it  follows  that  the  condition  for  existence  of 
the  coherent  free  oscillations  (inequality  (5))  it  is  simultaneously 
the  condition  for  existence  of  the  resonance  of  coherent  oscillations 
of  envelope. 
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in  Fig.  1,  an  infinite  increase  in  the  amplitude  of  coherent 
oscillations  at  point  cx~  1,6  (k/i-v-0,825  occurs  only  with  8<0.6.  For 

the  high  values  8  coherent  resonance  is  crowded  of  large  ones  a. 

Upon  transfer  of  incoaerent  resonance  (a=1 ,  k/2= 'Ha^D  the 
amplitude  of  coherent  oscillations  always  remains  final.  In  spits  of 
this  for  the  polychromatic  oaarn  is  possible  the  death  of  particles, 
since  the  amplitudes  of  tae  oscillations  of  particles,  close  to  the 
resonance,  can  be  swung  to  the  very  high  values.  If  the  width  of 
roscnance  (usually  this  requirement  it  is  made)  ,  then 

particles  with  different  ^  in  tae  turn  transfer  incoherent 
resonance,  moving  in  the  joint  field,  formed  by  applied  field  and  the 
field  of  remaining  beam.  In  tuis  case  the  coherent  play  envelope  cf 
particles  leads  to  the  emergence  of  the  resonance  harmonic  of  the 
gradient  of  coulomb  field.  Tae  ratio  of  the  amplitude  of  the  sum  of 
the  external  and  Coulomb  harmonics  of  gradient  to  the  amplitude  of 
external  harmonic  is  expressed  by  the  formula 
T1  1 

T“  "  F,(a'W-  (11) 

Plotted  function  F^a,  p)  when  p  as  the  parameter  is  shown  in  Fig.  2. 
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I)  .  Incoherent  resonance.  (2)  .  Coherent  resonance. 


harmonic  of  gradient;  2)  tne  oetatron  frequency  of  single  particles 
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(at  least,  in  the  first  cruer  on  Ag/g)  does  not  depend  on  the 
oscillations  of  envelope1 2 3 4 5 6);  3)  tne  action  of  the  Coulomb  harmonic  of 
gradient  leads  to  the  appearance  of  coherent  parametric  resonance  and 
to  a  change  in  the  width  or  inconerent  parametric  resonance;  4)  upon 
the  large  dispersion  of  beam  in  rrequencies (&•»* aj6|A»kl)  "coherent" 
parametric  resonance  disappears;  5)  upon  a  small  dispersion  of  beam 
in  the  frequencies,  on  the  contrary,  disappears  incoherent  parametric 
resonance,  since  the  appearing  Coulomb  harmonic  of  gradient 
compensates  external  harmonic* 

FOOTNOTE  l.  A.  A.  Kolomensxiy  and  a.  G.  Polukhin  [7]  obtained  another 
result:  Coulomb  shift/scear  decreases  in  the  first  order  on  Ag/g. 

This  result,  apparently,  is  incorrect,  moreover  the  reason  for  error 
-  incorrect  use  of  a  metna  or  averaging.  This  question  will  be  in 
detail  discussed  in  th«  moi extensive  article,  which  is  prepared  for 
print.  ENDFOOTNOTE. 
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93.  DEPENDENCE  OF  THE  MAXIMUM  INTENSITY  OF  PROTON  ACCELERATORS  ON  THE 
CHARGE  DISTRIBUTION  IN  THE  CLUSTERS. 

Yu.  H.  Tereshkin,  Yu.  A.  Khlestxov. 

(Moscow  physical  engineering  institute)  . 

In  the  accelerators  of  protons  the  upper  limit  in  the  intensity 
is  limited  to  the  dist  urfcance/Dreaicdovn  of  the  mechanism  of  phase 
stability  under  the  action  of  the  space  charge  of  clusters.  There  is 
a  series/row  of  models  for  describing  the  stationary  axial  motion.  In 
tne  work  of  A.  D.  Vlasov  is  examined  the  representation  of  clusters 
in  the  form  of  evenly  charyed/loaded  ellipsoids  [1],  in  I.  fl. 
Kapchinskiy ' s  works  the  clusters  are  represented  in  the  form  of 
cylinders  with  density  distribution  of  charge,  repeating  course 
separatrices  [2],  Problem  m  the  approximation/approach  of  the 
shielded  beam  is  solved  in  the  worn  of  A.  N,  Lebedev  [3].  The  case  of 
neutral  equilibrium  is  examined  m  works  [3,  4]. 

In  this  work  are  presented  the  results  of  the  investigation  of 
the  qualitative  dependence  of  estimation  on  the  model  taking  into 
account  the  incomplete  shielding  of  the  field  of  clusters  by  walls. 
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Task  is  examined  Id  known  assumptions  [1-3],  which  make  it 
possible  to  bring  togetner  in  no  tne  one-dimensional.  In  this  case 
the  axial  motion  is  described  uy  tne  equation  of  oscillator  and  for 
the  cyclic  and  linear  acceleranors  is  characterized  by  only 
expression  for  effective  mass  [5].  Clusters  are  represented  in  the 
form  of  the  cylinders  cf  a  ramus  a  and  by  length  26— with  the 
self-consistent  charge  distr inutxcn,  which  are  the  exponential 
function  of  the  potential  or  tne  “pit"  of  V  (<*)  : 


where  N  -  number  of  particles  xn  tne  cluster.  With  n=-1/2  we  obtain 

evenly  -  the  chargal/lcadaa  cylinder  (Ch)  when  n=0  -  cylinder  with 

7s 

the  distribution,  repeating  course  separatrices  (flj2) ,  when  n=1/2  - 
cylinder  with  the  distribution,  repeating  the  form  of  potential  well 

Is 

(/3>»  when  n=3/2  -  cylinder  with  tne  distribution,  repeating  the 

% 

course  of  the  square  of  potential  well  (jg4)  .  Data  of  distribution 
cover  the  basic  interesting  cases.  All  noted  one-diraensional 
distributions  in  the  principle  are  "almost"  self-consistent.  However, 
their  examination  makes  sense  in  tne  approxiraation/approach  of 
strongly  elongated  on  *  clusters  or  strong  relativity.  Furthermore, 
as  showed  numerical  calculations,  small  divergences  in  the  form  of 
distribution  p(*)  weakly  arfact  estimation  Nma*  •' 


TJTTT-*-.-^.  I.  ,  &^>iW.^W.U4J> L^i(WPv<l^'  I;,  k.::  J. 

*  •  •  -*■/■•■;.“?  ,W ••‘■‘tr  *■» *>% '< 
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The  canonical  potential  V  (0)  was  located  by  the  method  of 
Green's  function.  The  tasu  aoout  tne  stability  of  oscillations  was 
reduced  to  the  integral  equation  waose  nucleus  both  for  the 
cylindrical  chamber/camera  and  upon  the  approximation  of 
chamber/camera  by  two  parallel  to  infinite  ones  planes  is  described 
well  by  exponential  curve  i 5  ].  Ine  decision  of  integral  equation  is 
found  in  the  first  approximation,;  is  obtained  expression  for  a 
maximum  number  of  particlas  in  tna  cluster: 

Nma*  “  10#eoTa  fs  F*'  W  y  (2) 

where  €„  -  average/mean  intansity/strangth  of  field  on  the  axis  of 
accelerator;  X  -  wavelength  of  generator;  F*^)  -  form  factor; 
depending  on  tha  maans  of  distrioution  p  (♦) : 

f  ('»— ir*w  u, , 


Ftyw  42,3y 
6.6 


(3) 

~U3, 

-U  c. 


where 


Page  34. 


Are  explained  tha  following  laws.  For  the  even  distribution 
(also  for  the  ellipsoid)  steady  states  are  possible  with  any 


! 
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size/diaension  of  cluster.  In  this  case  N=0  both  when  <iV*-$-98 
(undisturbed  separatri x) and  with  tne  contraction  of  cluster  into 
point  ipM»0.  Phase  density  nowhere  goes  to  infinity.  Maximum  charge  is 
reached  at  certain  intermediate  s'ize/diraension  of  cluster  0c*M<-$-  . 


For  the  remaining  coilapsibie/dropped  to  the  edges  of  cluster 
distributions  p(  *)  the  cluster  virtually  does  not  have  the 
capability  to  be  compressed  on  the  phase  with  increase  in  N  due  to 
the  appearance  of  the  local  minimum  V  (<t>)  on  the  left  boundary  of 

T$ 

cluster  (distribution  $2)  •  or  maximum  V($)  in  the  synchronous  phase 

\  * 

(distribution  which  disrupts  stability.  It  is  interesting  that 

T#aa<j>s3  -U„  n*, 

-  U»,  U*, 

i.e.,  a  maximum  number  of  particles  in  the  cluster  for  the  sharply 
collapsible/dropped  distributions  more  strongly  depends  on  energy, 
the  wavelengths  and  synchronous  phase  does  not  depend  on  a  radius  of 
cluster. 


A  maximally  possible  intensity  is  achieved  by  the  distribution, 

Ts 

repeating  the  course  of  potential  well  (£3)  .  This  case  corresponds  to 
the  neutral  equilibrium  when  longitudinal  field  within  the  cluster  is 
constant,  potential  well  is  converted  into  the  line  and  phase  density 
approaches  infinity.  The  same  ccnclusion/output  is  obtained  in  works 
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The  displacement  cf  syncnrcnous  phase  under  the  action  of  the 
field  of  beam  is  negligibly  small  for  all  distributions,  with 
exception  of  the  ellipsoid  for  wmch  maximum  increase  composes  the 
value  of  order  15o/o  from  quiescent  value  [  1].  This  can  be  explained 
by  the  fact  that  the  electrostatic  canter  of  gravity  where  the  field 
of  cluster  is  equal  to  zero,  is  close  to  the  synchronous  phase. 


Model  examined  here  of  tne  incompletely  shielded  bundle  occupies 
the  intermediate  position  between  the  free  beam  (walls  are  absent) 
and  shielded  beam  [3].  For  these  limiting  cases  the  corrasponding 
form  factors  take  form  (.5] 


15, 8y 
9,92 

Mi-1 

3,8 

— 2 


!  ■»' 

-u„ 


-S. 


••  :• 

\ 

42,3  -u*  •* 

•.  i 

6,6  ~  Uj,‘ 

(4)  > 


Hence  it  is  possible  to  draw  the  conclusion  that  the  account  of 

5 

walls  increases  the  maximum  intensity  (for  $3  with  p~1(T':,K4  times)  , 
for  the  steady  distributions  approximation/approach  of  the  shielded 
beam  gives  the  high  results,  and  during  the  sharply 
collapsible/dropped  distributions  beam  is  virtually  completely 


DOC  =  80069303 


PAGE 


shielded.  During  the  calculation  or  the  maximum  intensity  of 
accelerator  it  is  necessary  to  consider  the  concrete/specific/actual 
means  of  distribution  p  (0)  .  Thus,  ror  instance,  with  p~10""3 
estimations  can  differ  to  two  orders,  which  is  substantial. 


Table  gives  the  estimates  or  the  magnitude  of  a  maximum  number 

%  Ts 

of  particles  in  orbit  (ellipsoid,  for  the  acting  and 

projected/designed  proton  synchrotrons  for  the  high  energy.  Results 
are  compared  with  the  value  of  maximum  intensity  due  to  permissible 
Coulomb  frequency  shift  cf  uetatron  oscillations,  which  was 
calculated  from  the  formula 


nN$  „  u  r  w“(£6a  {5> 

^Nma*  eac»  roT  • 


During  conclusion/output  (5)  is  taxen  into  consideration  the  wall 
effect  of  chamber/cam^ra  and  magnet  poles,  moreover  it  is  placed 
a/h=1/2  a/g=1/3  (h  -  radius  of  chamber/camera,  2g  -  distance  between 
the  magnet  poles).  Table  gives  the  comparison  of  the  maximum 
intensity  of  accelerators  on  the  Detatron  and  synchrotron 

fNcmaxJ oscillations  with  tne  achie vad/reached  or  calculated  values. 


Tha  authors  express  gratitude  to  A.  D.  Vlasov  and  A.  N.  Lebedev 


for  the  astute  remarks  during  the  discussion  of  work 
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94.  METHOD  OF  GAOSSIAN  BRACKETS  III  THE  THEORY  OF  ACCELERATORS. 

A.  D.  Dymnikov. 

As  is  known,  the  analysis  of  particle  motion  in  the  cyclic  and 
linear  accelerators,  and  also  xn  any  long  channels,  which  consist  of 
the  set  of  discret e/di gitai  lenses,  requires  the  solution  of  the 
equations  of  Hathieu-Hill  of  fora  i  1,  2] 

•U,-9(8)U«0,  <J(3+L)-q(8).  (1) 

Here  S  -  arc  length  of  oroxt  (in  the  cyclic  accelerators)  or 
longitudinal  coordinate  or  time  (in  the  linear  accelerators) ;  u  - 
transverse  divergence  cf  particle,  g (s)  -  the  periodic  function, 
which  describes  structure  accelerating  -  focusing  of  system;  L  - 
length  of  the  slement/cell  of  periodicity,  measured  along  s;  primes 
indicate  differentiation  with  respect  to  s. 

The  standardizsd/noraalizaa  decision  of  equation  (1)  in  the  case 
of  *he  arbitrary  function  g (s)  1st  us  write  in  the  matrix  form 

(;•)--  ft)- 


where  u0  and  u;0  -  values  u  and  u‘  at  the  initial  fiducial  mark  s0. 
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'latrix/die  i n  califcrat.id  m  such  a  way  that 


but  its  Wronskian  is  equal  to  1  with  all  s. 


In  many  practical  applications  of  theory  of  periodic  focusing 
function  g(s)  they  approximate  ny  stepped,  or  piecewise  constant 
function.  Therefore  let  us  examine  the  case  when  the  period  of 

focusing  has  such  structure,  that 

9(*>$--conrt, n)  (4) 

Whereas  it  is  shown  in  wcrxs  [Jt  4  j,  if  we  introduce  into  the 
examination  of  the  bracket  of  Gauss,  determined  according  to 
recurrence  formulae 


[av..tyl-aB  [fl1...an.t]+[fl,...aM], [  K[a,)-a„ 

15) 

then  for  the  matrix  elements  R*8*1,  we  will  obtaii 

So 

JO0 


l)a"  *<c’  •  ■  •  *i  ci  *(«•••  Vi', 


s.+L 

*9 


Here 


V*3-i  +t3  * 
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If  we  assume 

9**sg  +  L>  (j-1,2,...  n), 

then  the  fora  of  the  function  Cj  ana 
table. 


(8) 

can  be  determined  on  the 


In  the  examination  ci  tha  rluctuations  of  particles  in  the 
accelerators  important  value  nas  tne  matrix/die  of  period  r2*l0i»2,5] 
throuah  which  it  is  determined  the  series/row  of  basic 
characteristics  of  oscillations.  Since  during  the  conclusion/output 
of  expressions  (6)  it  did  not  nave  value,  is  the  subscript  o:: 
matrix/die  R  permanent  or  vanacle  value,  then  the  matrix/die  of 
period  will  take  the  fora 

ck«A*»Ht]R  > 

s+i.  r  (9) 

^  4.Vk-  ^  •  ck+M  Wi]g  L> 

^ai“[Cki,U*v‘tiCj't^+v*  •  tU*ncH+n]#  » 

r  i**1 

(RtVL^aa“l^wci»‘,*^icl^^r,‘^H+nck+nJ^  >  . 

where  are  used  the  designations 

» C,  “0.  WrOi- 10) 
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Ia  view  of  periodicity  g  (s)  we  nave 

9n+V"**Cv‘1,a,“’k^  (11> 

Taking  into  account  expressions  (10)-  (11)  functions  Cj  and  can  ba 
determined  on  the  table  waare  &sj  are  determined  by  the  following 
ex  pressions: 

haj-Sj-Sj.,  (j»k-M,k+'x,...n) 

Asn*r  Sv-31-1  ( 12) 

^k  ™  *k— ®»  m  • 

Let  us  find  now,  substituting  expressions  for  the  matrix  elements  in 
the  form  of  the  brackets  of  Gauss,  value  cos  p,  where  m  -  known  in 
the  theory  floquet  the  characteristic  index 

-4j[c,v-on 


rnriodic  structure  from  ev^a  and  odd  number  of  eleraents/cslls : 

cw  54  — J-  j(t1+tn+1)[c, . . .  cn]+  (c,+ cnMta.,.tn)+ 

+  ("t!i+'fcn)Cca*"cii-i]+ 

+...+  (cn/a+CfV|l+1)[tfViHt]j+1,  M-2m(rri-'W,...); 

C0®H— 2  |(t1+tn+i)[e1...cn]+(c1+cB')|ta...-bt,]+ 

+(Vtn)[C»-  ••  c  n-i]+-  •  •  [c  n^]}+% 

n-am+1  (ro-0,1,2,...'). 

Expressions  (14)  are  Highly  useful,  when  the  structure  of  period 
has  any  symmetry. 

1 

The  stability  condition  of  oscillations  will  be  written  in  the 

fora 

-HCO.fKl,  (15) 

where  cos  m  is  determined  by  expressions  (13)  or  (14). 

The  general  solution  equation  (1),  or  equation  of  individual 


trajectory,  can  be  written  tnrouyh  modulus/module  and  phase  of  the 
function  of  Floquet: 
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u  -  Bp  cos(  |-%  +  8), 

°  r  5 (i8) 


where  3  and  9  -  the  constants,  wmch  depend  on  initial  conditions,  p2 
-  square  modulus  of  the  function  of  floquet,  it  is  determined  by  the 


ex  Dression 


— •  [•biC1...Ct1tn+1]<  . 


Eliminating  sin  and  cos  of  expressions  (16),  we  will  in  tha 
equation  of  the  ellipse  cf  Floquet  or  projection  of  t*.  phase  volume 
of  the  beam: 

~yr  u2+?a(ru+  u‘)a  -  s*,  da) 

where  pz  it  is  determined  according  to  (17) ,  and  function  ^  takes 


the  form 


[c-lta,.-Cntw+1]^-[t1Cr--tnCn]* 

2[Vr--  °n 


Here  32=s/w  where  S  -  area  of  tae  ellipse  over  which  moves  the  point, 
which  depicts  oscillations  on  tno  phase  plane  u,  u». 


The  method  of  the  brackets  of  Gauss  can  be  used  also  in  the 
arbitrary  structure  of  periodic  function  g(s)  for  the  approximate 
determination  of  mat ri ces/aies  and  Rg°+I’.  For  determination  R|+t  it 
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Sll^f-C“s  to  break  the  interval  of  the  variation  s  from  s  to  s+L  on 
sufficiently  small  intervals  so  that  in  each  subinterval 

would  be  fulfilled  the  inequality 

ASj«1.  (20) 

Then  the  approximation  formulas  for  the  matrix  elements  of  the 
matrix/die  of  period  are  written  as  follows: 

(Rrl\k“  [Vwa3H«*V'-aJv^02l> 

( i,  w-  i,a>* 

where 

(AsH  +  Asj  Qai"ti  A8i(J-W 

(22) 

&VO,  4»j-8j-«j.1,V8)V8+L 

Analogously  will  be  written  aatrxx/die  nj+1,  which  is  obtained  from 
the  matnx/die  of  period  by  replacement  s  on  s0. 
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Session  VIII, 

PARTICLE  DYNAMICS  IN  ACCELERATORS,  ACCUMULATORS,  AND  INSTALLATIONS 
WITH  OPPOSING  3EAMS  (2). 

95.  SOME  FEATURES  OF  PARTICLE  DYNAMICS  IN  A  SPECTRO METRIC  CYCLOTRON. 

A.  A.  Kolcmenskiy,  A.  P.  Fateyev. 

(Physical  institute  im.  P.  N.  Leaeaav  of  the  AS  USSR). 

The  special  feature/peculiarity  of  spectrometric  cyclotron  (STs) 
-  high  intensity  (-100  >j A)  and  energy  homogeneity  (~10“*)  of  the 
accelerated  beam  which  is  achieved  by  the  proper  identification  of 
parameters  of  STs  and  their  maintenance  in  the  prescribed/assigned 
limits.  The  selection  cf  these  parameters  and  allowances  is  conducted 
oa  the  basis  of  the  results  of  tae  investigation  of  particle  dynamics 
in  the  cyclotron. 


Me  investigated  twc  "modes/conditio ns":  static  and  dynamic. 
Static  behavior  corresponds  to  the  free  particle  motion  which  occurs 
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in  the  absence  of  acce  leratin  g  field.  Dynamic,  raode/condiiions 
characterize  the  process  of  particle  acceleration. 

1.  Static  behavior. 

In  the  static  state  or  motion  of  particle  in  STs  is  described  by 
the  system  of  nonlinear  equations  whose  exact  solution  can  be  found 
only  with  numerical  integration.  dowever,  for  the  estimations  it 
suffices  to  be  restricted  to  linear  approximation/approach.  In  this 
approxiaation/approach  the  equations  of  motion  can  be  solved 
analytically.  Analytical  calculation  is  especially  useful  in  the 
initial  stage  of  •’asign  cf  STs,  wnen  it  is  necessary  "to  look  over"  a 
large  number  of  versions.  However,  the  selection  of  final  (working) 
version  must  be  conducted  on  tne  basis  of  the  results  of  numerical 
calculation. 

As  the  calculated  version  of  STs  was  undertaken  the  version  with 
the  following  basic  parameters1: 

Maxi  mum  energy  (protons)  ...  80  MeV. 

Energy  of  the  injection  ...  1  MeV. 

Average/mean  value  of  magnetic  field  in  the  central  region  ... 
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4970  OS. 

Cyclotron  radius  ...  626  cm. 

An  azimuthal  variation  in  the  magnetic  field  -  sinusoidal  ... 

FOOTNOTE  l.  I.  Ya.  Barit  et  al.  Preprint  Lebedev  physics  inst.  No  15, 
N.  ,  1  969.  ENDFOOTNOTE. 

A  number  of  sectors  lN,  "flutter"  and  a  radial  dependence  of 
magnetic  field  ware  varied. 

Dependence  of  frequency  of  betatron  on  N. 

Fig.  1  gives  the  grapn/diagrams  of  dependence  $(%)  for  different 
N  at  one  and  the  same  value  of  ilutter,  which  corresponds  f0=ft.  From 
the  graphs/curves  it  is  evident  that  the  version  with  N=3  must  be 
excluded  from  the  examination,  since  >>■»  in  this  version  too  closely 
it  approaches  stability  limit. 

Dependence  v  on  tne  azimuthal  form  of  field  is  illustrated  by 
graphs/curves  in  Pig.  2.  This  dependence  is  different  for  the  radial 
and  bouncing.  If  for  the  radial  oscillations  the  harmonics  of  field 
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weakly  affect  frequency,  men  for  the  vertical  ones  they  are 
datermini ng. 

Isochronism .  Sufficient  condition,  which  ensures  the  isochronism 
of  particle  motion  in  tne  cyclotron,  the  constancy  of  the  harmonics 
of  a  variation  in  the  field  and  tnc  special  law  of  a  change  in  the 
middle  field.  In  the  first  approximation,  this  law  takes  the  form 


However,  for  STs  this  approxima ticn/approach  proves  to  be  too  rough. 
Actually/really,  as  it  fellows  rrem  the  graph/curve,  given  in  Fig.  3, 
nonisochronicity  of  this  "isocuronal"  field  reaches  on  terminal  radii 
10~3,  which  exceeds  the  limits  of  that  permitted. 

In  order  to  find  the  necessary  law  of  a  change  in  the  middle 
field,  it  was  necessary  to  rate/estimate  its  effect,  and  also  effect 
of  the  fundamental  harmonic  of  a  variation  in  the  field  for  the 
period  of  revolution  of  particles.  For  this  purpose  were  calculated 
dependences  for  different  laws  of  *o(\)  and  The  obtained 

results  (Fig.  3)  show,  as  one  should  change  fo(*v)  ~  with  the  given  one 
\  in  order  to  attain  constancy  T0  with  the  necessary  degree  of 
accuracy. 

Effect  of  betatron  oscillations  on  th?  isochronism.  The 


— ~-  » -^i^uga^^'sawf  atw.^., ._.  - 
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requirement  of  isochromsm,  vnich  was  discussed  above  it  related  to 
the  particles,  which  move  along  the  orbit.  The  period  of  revolution 
of  such  "equilibrium”  particles  is  determined  only  by  the 
configuration  of  magnetic  fiald.  However,  for  the  particles,  which 
accomplish  betatron  oscillations,  the  revolution  period  will  depend 
not  only  on  magnetic  field,  nut  also  on  amplitude  and  phase  of 
oscillations.  Calculation  snows  tnat  this  dependence  carries  an 
oscillatory  nature,  moreover  tne  amplitude  of  these  oscillations 
decreases  with  an  increase  m  the  radius.  Assuming  that  j»w  2.5-3  mm, 
than  (AT/T^aViO-4;  The  corresponding  broadening  of  cluster  (in  the 
degrees)  will  be  +-0 . 1  g,  wnere  g  -  multiplicity  of  acceleration. 

Page  38. 

The  acceptance  of  spectrometric  cyclotron  proves  to  be  small: 
for  example,  for  the  version  a«.  mrad  in  question.  «ith  the 

high  currents  this  sets  very  severe  limitations  on  the  parameters  of 
the  injected  beam. 

Effect  of  the  nonlinearity  of  magnetic  field.  The  requirement  of 
the  separation  of  orbits  sets  natural  limitation  on  the  amplitude  of 
radial  betatron  oscillations  in  STs.  In  particular,  in  the 
examined/considered  by  us  version  the  permissible  amplitude  of 
oscillations  43  mm.  It  is  oovicus  that  with  such  small  amplitudes  the 
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nonlinear  effects1  must  not.  decerns  apparent. 

FOOTNOTE  1 .  Here  have  in  mind  cue  effects,  caused  by  the  "ideal’’ 
nonlinearity  (resonances  N/J,  N/4  and  the  like).  SNDFOOTNOTF . 

For  checking  this  confirmation  was  investigated  the  dependence  of 
phase  particle  trajectories  on  tne  amplitude.  As  it  was  axpected, 
form  of  phase  trajectories  and  frequency  ^  are  not  changed  even  v 
the  amplitudes,  which  noticeaoly  exceed  value  indicated  above. 
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Fig.  3.  Dependence  of  the  period  of  conversion  of  particles  in  th 
cyclotron  on  the  "middle”  field 

1  -  “  710  cm;  2  -  1**  “'V>3  "  "Voc*  5s0  cu> 

h-h„(V-*,co»«i), 

<  fr  j',JX T’ 

y  ‘  V  %«./  *  '  H«-^,97k»,'V^28cm 

.ey:  (1).  ps.  (2),  Isochronal  period. 
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Pig.  4.  Particle  trajectory,  accelerated  in  STs. 


Kay:  (1).  Diagram  of  the  iayout  of  dees.  (2).  Number  of  revolution. 
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2.  Dynamic  mode. 


Special  f eature/pecuirarity  or  dynamic  behavior  in  the  cyclotron 
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-  disorate/digital  character  or  tne  set  of  energy.  During  the 
di  scr  ate/digital  set  of  energy  tna  orbit  abruptly!./  changes  its 
position,  as  a  result  or  wnicn  are  excited  the  induced,  so-called 
"slotted"  oscillations  witn  t.io  frequency  of  external  force  (in  this 
case  with  the  frequency,  to  multiple  of  accelerating  slots).  The 
presence  of  radial  and  vertical  components  of  d?-field  will  also  lead 
to  the  excitation  of  osculations;  however  in  contrast  to  the  slotted 
oscillations  particle  me  men  turn  in  this  cas=>  virtually  is  not  changed. 
It  is  obvious  that  these  oscillations  do  not  represent  large  danger, 
since  they  are  equivalent  to  the'  distortion  of  equilibrium  orbit. 
Dangorous  can  be  the  oscillations,  excited  with  the  frequency,  close 
to  the  frequency  of  betatron,  la  order  to  exclude  them,  the 
accelerating  slots  must  be  arrangeu/located  perpendicularly  to  orbit. 


For  checking  the  expressed  considerations  were  calculated, 
several  versions  of  STs,  whica  are  characterized  by  a  number  and  an 
angular  extent  of  dees.  Calculation  was  performed  under  the 
assumption  of  the  infinitesimally  narr-w  accelerating  slots  and 
precise  isochronism.  Fig.  4  gives  the  typical  particle  trajectory 
which  shows  that  the  amplitude  ci;  oscillations  in  the  process  of 
acceleration  does  not  grew/rise. 


3.  Effects  of  space  charge  in  tne  spectroaetric  cyclotron 
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In  the  spectrometnc  cyclotron  the  effects  of  space  charge  have 
a  series/row  of  special  features/peculiarities.  First  of  all,  the 
nearness  of  resonances  whicn  sets  limitation  on  the  value  of 
"transverse"  charge  in  the  clusters.  In  the  second  place,  the  close 
tolerance  for  the  spread  of  particles  on  the  energy  leads  to  the  need 
fer  considering  the  effect  of  tne  "longitudinal"  charge  of  clusters, 
since  this  charge  can  substantially  increase  the  energy  spread  of 
particles  in  the  cluster. 

In  the  version  in  guestioa  "transverse"  charge  does  not  exert  a 
substantial  influence  cn  particle  dynamics  up  to  the  currents  200-300 
pA.  Danger  can  represent  "longitudinal"  charge.  Actually/really,  if 
one  assumes  that  particLe  distr ibution  in  the  clusters  uniform,  then 
the  fraction/portion  of  particles  which  will  obtain  a  supplementary 
energy  gain,  which  exceeds  that  permitted  (in  our  case  of  10"*)  ,  it 
will  compose  60-70o/o.  Ic  decrease  this  effect  is  possible  by  an 
increase  in  the  radius  cf  STs,  and  also  by  the  appropriate  selection 
of  the  form  of  accelerating  voltage. 
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96.  ANALYSIS  OF  PARTICLE  HOT 108  18  A  PROTON  SYNCHROTRON  WITH  MAGNETS 
WHICH  HAVE  A  VERTICAL  PLANE  OF  SYMMETRY. 

A.  I.  Dzergach. 

(Radio  angineering  institute  ox  the  AS  tJSSR)  . 

Gradient  magnets  witn  the  vertical  plane  of  symmetry  for  the 
proton  synchrotron  with  the  tne  strong  focusing  [1-4]  make  it 
possible  in  cartain  cases  to  ootam  gain  in  the  value  of  field  on 
30o/o  in  comparison  with  the  usual  magnets.  Gain  is  obtained  because 
of  the  vectorial  addition  of  dipcla  and  quadrupola  the  component  of 
field  in  operating  region,  whicn  leads  to  the  relatively  smaller 
values  of  induction  in  tha  poles  of  iron  magnets  or  to  the  decrease 
cf  the  density  of  ampere  turns  tor  the  iron  free  (superconducting) 
magnets.  This  makes  it  possible  under  prescribed/assigned  focusing 
strength  to  increase  bending  xield  or  in  the  prescribed/assigned 
field  to  raise  focusing  strength. 

The  effect  of  disturbauces/parturbations  (error  for  field  and 
gradient,  the  shifts/shears  of  magnets,  etc.)  on  stability  of  motion 
of  particles  proves  to  be  virtually  the  same  as  in  the  usual  magnets 
with  tha  horizontal  (median)  plana  of  symmetry. 
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3  linearized  ■aquations  o r  me  excited  beratron  oscillations  in 
the  magnetic  field  with  tae  indicas  of  the  decrease 


_ _ 2a.  _as 


m  %  88^ 
So  0  ‘  a0  a» 


ao  91  *’o 


taxe  the  form 


x" « rye  +  m0*  -  «-2(m0x  -n0* )  6-fv  n0® + m^)* 

*4? — ("Vo+®) ^  ( }  j 

r*0  ^ 

**  n0i  +  m0«  -  [v  *i(no®  +  mo1)]6' 

-(-noX+moX^-^+rio^-zfin^  XlStT,o  * 

Accepting  further  n0=1/2,  we  will  obtain  equations  in 
coordinates  u,  vf  which  correspond  to  the  axes/axles,  turned  on  45° 
relative  to  axes/axles  x,  y: 

u"-(«io— ?ir)u-(^  +^Tr-m0u)&~^|  + 

X  ife-(^-2moV-u)6+^3u-m06u+udm0  -  v6n0’ 


ar"4.(m0+4')v — (^■JSru"mov)'^+(^:+ 

~(yY"2mou"v)6  +  "V5u+rnofitr~ 
-u<5n0-TnJm0  • 
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The  offset  of  momentum  errors,  according  to  (2),  is  described  by  the 
equations 

where  ny»m0(l— i.^.  it  laaas  to  a  usual  change  in  the  frequencies 

of  betatron  aQ/0— and  t0  tne  expansion  of  equilibrium  orbit 

•  Furthermore,  are  as  in  the  usual  system,  oscillations  with 

the  frequency  of  alternation  ?-  and  D-  magnets  and  the  same  amplitude 

as  in  the  usual  system.  The  components  of  these  oscillations  are 

directed  along  the  axes  u,  v,  so  mat  for  the  particles  near  x  axis 

the  resulting  oscillation  is  oriented  along  the  axis  z,  for  the 

particles  near  axes/axles  u,  v  -  respectively  along  the  axes  u,  v, 

and  for  the  particles  near  Z-axis  -  along  the  axis  x.  The  effect  of 

errors  d&j  for  field,  according  to  (2),  is  described  by  the  equations 

_ L\..-  SSz 

(  0  2^  /a  B0  ’ 

(4) 

V,+(m0-+-j)v  - 

showing  that  the  errors  for  field  produce  in  orbit  the  same  action  as 
in  the  usual  system. 


The  effect  of  errors  6m0  gradient  is  described  by  the  equations 


*# 


1 

! 


DOC  =  80069303 


’AGG  JS9 


u“-(ni0  +  fim0— -^)  u-0,  vs+(m0+4iti0+-y)ir«0,(5) 

i.e.,  has  the  usual  character  (effect  6n  Q  is  taken  into  consideration 
below) .  The  effect  of  the  snif xs/snaars  of  magnets  6,  C  on  the 
horizontal  and  the  vertical  lin«s  or  corresponding  shifts/shears 
,  5ir-(^-^)/45  along  the  axes  u,  v  according  to  (2),  is 

described  by  the  equations 


u"-(m -4)u-4*av-mj5u«*-m0£u> 

(6) 

vll+(m(,+  ^)V—Lju  +  m e4v«*  ttifjSxr  t 

i.e.  virtually  the  same  as  usually;  Finally,  the  effect  of 
inclinations/slopes  £  of  magnets  relative  to  orbit,  according  to 
(2) ,  is  described  by  the  equations 

u  “-K- i  )  u*[fn0v-(^  -  2m0  v  - 

(7)  * 

' 2  mou "  v)]e“("^+3"»u)i) 

where  it  is  accepted  5na»-n^£.  The  comparison  of  the  low-frequency 
components  of  equations  (7)  and  aquations  [  5] 

x*  +  <*ax  -  ItrZf, 

(8) 

*"  +  Q.®  i  »-a0e  ♦  2 neS 

for  the  usual  system  shows  that  the  effect  of  the  inclinations/slopes 
of  magnets  in  both  systems  approximately/exemplarily  identical. 


Thus,  to  linear  system  with  tne  vertical  plana  of  symmetry  are 
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not  characteristic  any  specific  unpleasant  effects:  allowances  have 
usual  order  of  magnitude.  I-  is  possible  to  assume  that  the 
allowances  on  the  nonlinearity  will  also  have  usual  values. 


The  author  is  grateful  to  E.  L.  Burshteyn  and  A.  A.  Vasil'yev 
for  the  attention  to  this  worx. 
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Discussion. 


Yu.  G.  Basargin.  What  advantages  does  have  the  structure  examined  in 
comparison  with  the  structure  with  the  divided  functions? 


A.  I.  Dzergach.  The  advantage:  it  consists,  first  of  all,  of  the  fact 
that  it  is  possible  to  obtain  a  somewhat  larger  value  of  middle 
field.  For  example,  for  tne  accepted  in  the  report  structure  for  the 
accelerator  on  1000  GeV  field  oy  approximately  5o/o  is  more  than  in 
the  analogous  accelerator  with  the  divided  functions.  This  gives  the 
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possibility  to  reduce  a  radius  of  accelerator 
approxiiaately/axemplarily  in  tn«  same  sense. 

V.  G.  Davidovskiy.  We  examined  magnets  of  this  type  in  1965-1968  when 
selecting  of  the  version  of  accumuiator/storaga  VEPP-3.  It  turned  out 
that  such  systems  from  me  pome  of  view  of  the  particle  motion  and 
allowances  possess  no  advantages  in  comparison  with  the  usual 
systems.  The  modal  of  magnet  was  prepared  and  investigated  by  B. 
Levichev.  It  was  explained  that  in  the  strong  fields  appear  the  very 
essential  nonlinearity,  so  that  is  required  considerable  correction. 
As  a  result  of  gain  in  the  value  of  middle  field  in  comparison  with 
the  compactly  carried  out  systems  with  the  divided  and  semidivided 
functions  it  is  not  obtained,  out  appear  inconveniences  with  the 
commutation  it  is  such. 

In  the  case  of  electronic  synchrotrons  and  accumulators/storage 
the  quantum  fluctuations  of  raaiation/emissicn  lead  to  the  fact  that 
the  beam  becomes  not  flat/piane,  but  it  is  thickened,  as  a  result  -of 
which  the  luminous  density  witn  clashing  beams  falls.  It  is  necessary 
to  introduce  special  lenses  for  thinning  the  frequencies  on  both 
inclined  axes/axles. 


DOC  =  80069304 


FAGS 


Page  41. 

97.  STUDY  OP  THE  STABILITY  OP  ACCELERATION  OP  AH  INTENSE  BEAU  IH  A 
MICROTRON. 

Ye.  L.  Kosarev,  L.  B.  Luganskiy,  V.  N.  flelekhin. 

(Institute  of  the  physical  problaas  of  the  AS  USSR) . 

At  those  values  of  the  currents  which  are  achieved/reached  in 
the  aicrotrons,  the  field,  aiaed  by  clusters  with  the  flight/span 
through  the  accelerating  cavity,  is  compared  with  f ull/total/coaplete 
accelerating  field.  Interaction  bean  -  resonator  is  conveniently 
estiaated  with  the  aid  of  the  parameter  of  high  current  *1*,  of  equal 

r 

to  the  ratio  of  power  accelerated  beta  Pe  to  the  power  of  the 
excitation  of  resonator  P«*.  In  practice  this  paraaeter  attains  values 
ru~  1*3  and  interaction  beaa  -  resonator  is  substantial. 

In  our  works  [1-3]  are  theoretically  and  experiaentally 
-investigated  two  aechanisas  of  high-current  instability  in  the 
■icrotron*  one  of  then  is  connected  with  the  fact  that  at  the 
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specific  values  of  equilibrium  phase  in  the  aicrotron  occurs  the 
driving  of  phase  oscillations,  caused  by  the  nonlinearity  of  phase 
equations.  This  driving  leads  tc  the  fact  that  on  the  "volt-ampere" 
characteristic  of  aicrotron,  i.e.,  to  the  curve,  that  is  deteraining 
the  dependence  of  the  accelerated  current  on  the  amplitude  of 
accelerating  voltage,  appear  failures/dips /troughs  and  sections  with 
the  large  negative  slope/transconductance.  In  such  sections  appears 
the  high-current  instability,  caused  by  the  negative  differential 
conductivity  of  bean. 

Another  aechanisa  is  caused  by  the  detuning  of  resonator, 
introduced  by  beam,  and  which  leads  to  the  development  of 
instability,  if  the  frequency  of  resonator  with  the  beam  is  lower 
than  the  frequency  of  the  exciting  generator.  The  physical  sense  of 
this  instability  consists  of  the  following.  Electron  bean  in  the 
aicrotron  increases  the  natural  frequency  of  resonator.  With  the 
random  decrease  (or  an  increase)  of  the  power  of  bean  the  frequency 
of  resonator  decreases  (cr  increases).  If  in  this  case  oscillator 
frequency  is  selected  above  frequency  of  resonator  with  the  beam, 
then  the  change  in  the  detuning  of  resonator,  caused  by  a  change  in 
the  power  of  beam,  will  cause  further  increase  (respectively 
decrease)  in  the  detuning.  Due  to  this  the  amplitude  of  accelerating 
field  and  the  power  of  beam  decrease  (respectively  they  increase).  A 
a  result  of  the  developaent  of  this  process  with  the  sufficiently 
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large  iaitial  bean  current  appears  the  instability. 

The  experinental  analyses  ox  stability  of  acceleration  were 
carried  out  on  the  aicrctxon  of  the  IPP  of  the  AS  USSR  with  30  orbits 
with  the  energy  of  bean  to  30  he?  and  the  current  to  80  aA  in 
iapulse/nonentun/pulse  [4j. 

The  first  aechanisii  of  instability  is  investigated  in  work  [2]. 
Fig.  1,  depicts  the  dependence  of  the  accelerated  current  on  the 
eighth,  the  15th  and  28th  orbits  cn  the  eguilibriun  phase,  taken  with 
currents  less  than  critical  ones,  and  an  energy  gain  per  revolution 
0.6  He?.  As  is  evident  in  tne  figure,  for  the  data  of  orbits  the 
curves  have  sharply  prcncunced  nonaonotonic  character.  The  reason  for 
the  appearance  of  failures/dips/troughs  is  shown  above,  and  the 
supplementary  lift  of  curve  in  8th  orbit  with  the  large  amplitudes  of 
field  is  connected  with  the  existence  of  the  new  regions  of  phase 
stability  [5].  In  the  sections  of  the  drop  of  the  volt-aapere 
characteristic  of  nicrctron  stationary  acceleration  mode  is 
impossible,  if  current  is  aore  than  critical,  since  occurs  the 
disruption/separation  of  acceleration  aode,  caused  by  instability. 

Critical  current,  with  which  oegins  the  disruption/separation  of 
acceleration  aode,  was  measured  in  different  orbits.  In  the 
aeasureaents  the  resonator,  loaded  with  beaa,  it  was  adjusted 
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accurately  for  the  frequency  of  the  exciting  generator.  The  results 
cf  measurements  are  shown  in  Fig.  2,  where  curves  1  and  2  correspond 
to  sections  of  1  and  2  curves  of  Fig.  1.  The  emergence  of  instability 
was  f ixed/recorded  on  the  oscillograph.  As  can  be  seen  from  Fig.  2, 
critical  currents  decrease  with  an  increase  in  the  nueber  of  orbits:, 
once  in  10th  orbit,  they  are  saail  (about  50  aA) ,  and  in  the  28th 
orbit  compose  a  total  cf  several  ailliaa peres. 
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Fig.  1.  Pig.  2. 


Pig.  t.  Dependence  of  accelerated  current  on  equilibrium  phase. 

Fig.  2.  Dependence  of  critical  current  on  number  of  orbit. 

Key:  (1)  .  »A. 

Page  42. 

The  instability,  caused  by  the  negative  differential 
conductivity  of  beaa,  directly  dees  not  lisit  the  accelerated 
current,  since  it  is  absent  fro*  the  left  slopes  of  volt~aapere 


DOC  =  80069304 


PAG£  //*7 


characteristics  {sections  with  the  positive  slope/transconductance  in 
Fig.  1).  With  the  large  accelerated  currents  the  work  of  aicrotrons 
in  the  pulsed  operation  is  possible  only  in  equilibrium  phases  of 
those  corresponding  to  the  left-most  slope  (to  the  first  maximum) , 
since  whereas  in  the  first  collapsible/dropped  section  occurs  the 
disruption/separation  cf  acceleration  node  and  large  equilibrium 
phases  cannot  be  realized.  This  leads  to  the  contraction 
approximate! y/exeaplarily  2  times  of  the  region  of  the  equilibrium 
phases,  in  which  is  possible  the  acceleration  of  high  currents.  The 
obtained  result  is  essential  for  the  aicrotrons  with  a  large  number 
of  orbits,  for  the  sectional  aicrotrons  with  a  large  energy  gain  per 
revolution,  and  also  for  continuous  aicrotrons  with  the 
superconducting  resonator. 

The  high-current  effects,  connected  with  the  detuning  of 
resonator,  introduced  by  beam,  are  calculated  in  work  [1]  and  are 
experimentally  investigated  in  wcrx  [ 3].  Pig.  3  gives  the  results  of 
the  static  measurements  cf  the  amplitude  of  field  in  the  resonator 
(lower  curve)  and  accelerated  current  with  a  change  in  the  adjustment 
of  resonator.  The  double-humped  character  of  curves  is  connected  with 
the  fact  that  was  utilized  the  eccentric  mechanism  of  adjustment, 
which  has  two  operating  positions.  Lower  curve  is  taken  with  the 
switched-off  injector.  The  following  curves  <down-up)  show  the 
dependence  of  beam  current  in  20th  orbit  with  the  energy  18  fleV  on  a 
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change  in  the  adjustment  of  resonator  at  different  maximum  values  of 


the  accelerated  current  -  13,  27,  33  and  40  sA.  Fro*  the  given 


records  it  is  evident  that  tne  domain  of  existence  of  stable 


acceleration  mode  in  accordance  kith  theory  [ 1  ],  is  arranged/ located 


with  the  negative  detuning  of  resonator  (vhen  its  frequency  higher 


than  frequency  of  magnetron},  moreover  the  width  of  this  region 


incraases  to  the  side  cf  negative  detuning  with  an  increase  in  the 


current.  These  aeasureaents  snow  that  the  effectiveness  of 


stabilization  increases  with  an  increase  in  ine  power  of  the 


accelerated  beam. 


For  conducting  the  dynamic  measurements  was  applied  the 


following  procedure.  Was  studied  the  reaction  of  the  beam  of 


■icrotron  to  the  artificially  created  slight  disturbance  of  the 


falling/incident  power.  The  i-pulses/moaenta/pulses  of  the 


disturbs nce/pert.  urbaticn  with  duration  about  0.25  ps  were  included 


with  the  accurately  kncwn  and  controlled  delay  relative  to  the  front 


of  rhe  basic  boosting  ixpulste  during  -*ach  second  main  impulse.  This 


method  gave  the  possibility  to  differ  the  reaction  of  beam  for  the 


supplied  disturbance/perturbaticn  from  different  focusiags/inductions 


and  interferences,  which  act  uuring  the  impulse/momentum/pulse. 


I 4  the  equilibrium  phase  smaller  than  the  optimum  (left  slope  of 


volt- ampere  characteristics  in  Fig.  1),  interaction  of  beam  with  the 
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resonator  must  lead  to  the  stabilization  of  acceleration  node  on  the 
left  slope  of  resonance  curve.  And  actually/really,  on  the  shown  in 
Pig.  4  and  5  oscillograms  of  the  reaction  of  bean  to  the 
inpulse/nonen tun/pulse  cf  disturbance/pert urfcation,  i.,ken  at  the 
value  of  equilibriu*  phase  <P8-  0,23  and  with  the  bean  current  27  nA 
for  two  values  of  the  frequency  cf  adjustment  *  pea.*  ^  mm-m.  +  0,8  by  MHz 
and  $  pe3  *  $  Mam.'  is  evident  that  in  the  second  case  of  the  stability 
of  bean  lass,  steady  state  is  established  oscillatorily  with  a  snail 
decrement.  The  corresponding  oscillations/vibrations  in  the  detuned 
cavity  on  the  left  slope  of  resonance  curve  are  overdanped. 

The  obtained  results  leau  to  the  following  conclusions.  At  the 
values  of  eguilibriun  phase,  which  correspond  to  the  falling/incident 
sections  o*  volt-ampere  characteristic  (Pig.  1) ,  the  work  of 
microtron  with  the  sufficiently  high  currents  is  unstable  with  any 
adjustment  of  resonator.  This  leads  to  the  contraction 
approximately/exeaplarily  two  times  of  the  region  of  the  permissible 
equilibrium  phases.  If  equilibrium  phases  correspond  to  the 
increasing  section  of  vclt-anpere  characteristic,  then  the  work  of 
microtron  with  the  high  currents  is  stable  only  on  the  left  slope  of 
resonance  curve. 

Hith  satisfaction  of  the  stability  conditions  (left  slope  of 
volt-ampere  characteristic  and  left  slope  of  resonance  curve) 


I 

! 

i 
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indicatad  tha  investigated  by  us  high-current  effects  do  not  lead  to 
the  limitation  of  the  accelarated  current  in  the  acting  pulse 
rtcrotrons. 

For  the  continuous  aicrotrons  with  the  superconducting  resonator 
ace  necessary  supplement  ary  both  theoretical  and  experimental 
studies,  in  view  of  the  very  high  values  of  their  own  quality  in 
comparison  with  the  usual  resonators. 


! 
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Fig.  3.  Domains  of  existence  of  stable  aode/conditions  in  the 
■icrotron  with  the  hi. a  current  of  beai.  Detuning  of  resonator 
Af 1  -  recording  of  the  amplitude  of  accelerating 
in  the  empty  resonator  with  a  cfaanye  in  its  adjustment;  2  -  change  in 
the  current  strength  of  bean  with  a  change  in  the  frequency  of 
resonator,  daxiaua  current  13  aA;  3  -  naxiaua  current  27  aA;  4 
■ariaua  current  33  aA  (left  aaxiaua)  and  27  aA-  (right  aaxisua) ;  5 


■axiaua  current  40  aA 
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Key:  (1).  KHz. 

Page  43. 

The  authors  thank  academician  P.  L.  Kapitsa  for  the  attention 
and  the  interest  in  this  work  and  S.  P.  Kapitsa  for  the  discussion  of 
this  work  and  the  usefal  observations. 
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Scanning  speed  0.5  ^s/div. 
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fpes  beaa  current  27  aA. 
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Discussion. 

A.  K.  Belovintsav.  How  is  determined  the  fore  of  the  volt-aepere 
characteristic  of  this  eicrotron? 

Ye.  L.  Kosarev.  The  fore  of  volt-anpere  characteristic  is  determined 
by  dependence  of  the  size/di eansion  of  phase  stability  region  on  the 
equilibriue  phase  and  by  filling  of  this  stability  region  upon  the 
injection. 
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A.  n.  Shenderovich.  Is  it  possibla  to  in  greater  detail  explain  the 
physical  aechanisa  of  the  in stability,  connected  with  falling 
characteristic  I=f(#)? 

Ye.  L.  Kosarev.  Mechanist  does  net  differ  froa  the  aechanisa  of  the 
excitation  of  radio- frequency  generators  on  negative  resistance. 

N.  I.  Mocheshnikov.  what  it  is  possible  to  speak  about  a  change  in 
the  energy  spectrua  of  beam  during  the  developaent  of  instability? 

Ye.  L.  Kosarev.  Energy  spectrua  does  not  change  with  the  current  of 
less  than  the  critical. 
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98.  INSTABILITIES  OF  THE  BEAM  OF  THE  BROOKHAVEN  PROTON  SYNCHROTRON 


CAUSED  BY  INTERACTION  8ITH  A  HIGH-FREQUENCY  SYSTEM. 


H.  K.  Barton,  Ye.  K.  Rak. 


(Brookhaven  national  laboratory,  Apton,  New  YorJc) .  . 

> 

t 

In  accordance  with  the  program  of  the  alteration  of  Brookhaven  ?! 

synchrotron  the  high-fregaency  s,  •  em  of  neck  ring  underwent  5 

considerable  changes.  The  purpose  of  these  changes  was  the  carrying 
out  of  power  aaplifiers  froa  the  ring.  They  were  transferred  into  the 
central  building,  and  a  supply  of  12  individual  resonators  they  began 
to  accomplish/realize  witn  the  aru  of  the  coaxial  lines. 


After  the  setting  up  of  this  system  were  soon  discovered  the 
instabilities  of  bean.  Ihese  instabilities  best  anything  are 
described  as  coherent  phase  oscillations  in  the  nodes  for  which 
different  clusters  have  different  phases.  Fig.  1  gives  the 
oscillogram  of  radial  signal  on  cne  of  the  signal  electrodes, 
obtained  soon  after  the  emergence  of  instability.  In  proportion  to 
the  developaent  of  instability  becoaes  noticeable  also  its  effect  on 
the  fora  of  the  cluster  (see  Fig.  2  and  3).  This  instability  has  the 


i 
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distinct  threshold  (about  5x10* 1  the  protons). 

Page  44. 

Scarcely  higher  this  threshold  was  observed  build-up/growth  far 
beyond  phase  transition.  At  the  higher  intensities  the 
build-up/growth  occurred  at  the  earlier  moment/torque  in  the  cycle  of 
acceleration.  At  the  intensities  of  the  order  of  10**  protons  the 
build-up/growth  was  observed  to  the  phase  transition,  bat  further 
increase  in  the  intensity  did  not  lead  to  noticeably  the  earlier 
emergence  of  instability.  After  the  achievement  of  amplitudes  of 
approximately  1  cm  the  build-up/growth  ceased  and  was  not  observed 
the  noticeable  losses  cf  particles.  The  effective  width  of  beam, 
determined  by  this  instability,  grew/rose  to  the  value,  too  great  for 
the  channel  rapid  a  cone iusicn/output  and  leading  to  the  series/row 
of  difficulties  during  the  introduction  of  targets  and  the  slow 
conclusion/output. 

In  order  to  understand  the  mechanism  of  this  instability,  should 
be  first  examined  the  geometry  cf  the  resonator,  shown  in  Pig.  4.  The 
capacity/capacitance,  utilized  for  obtaining  the  resonance  on 
ferrite,  is  displaced  from  the  real  position  of  clearance  toward  the 
introduction/input  of  the  feeding  coaxial  lines.  In  this  position 
these  capacities/capacitances  serve  as  coupling  transformer,  which 
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agrees  impedancs  of  resonator  with  the  impedance  of  line.  However,  in 
this  case  is  introduced  the  stray  inductance  of  the  busbars/tires 
between  the  trimmer  capacitors  and  the  accelerating  gaps.  As  a  result 
in  each  accelerating  gap  appears  the  impedance,  as  can  be  seen  from 
equivalent  diagram  in  Fig.  5.  When  cluster  passes  through  the 
accelerating  gap,  it  induces  the  stress/voltage 

V - PK,a),  ( D 

received  by  the  following  cluster  at  the  loaent  of  time  t.  Here  q  - 
charge  of  cluster;  w,  -  the  resonance  frequency  of  idle  mode;  c  - 
its  shunting  speed,  and  r  is  connected  with  its  quality  Q  with 
expression  t-iq/w g.  p(u)fi}a)  -  the  function  which  describes,  is  how 
effectively  the  cluster  of  width  a  excites  resonance.  For  example, 
assuming  that  the  cluster  has  Gaussian  form,  then  F*e"u^a^.  As  the 
proof  of  the  fact  that  such  stresses/voltages  exist,  can  serve 
oscillograms  in  Fig.  6.  From  the  figure  one  can  see  that  in  the 
signal,  induced  by  beam  cn  the  separate  resonator  (adjusted  to  the 
resonance  with  -4.4  MH z) ,  is  present  the  large  fifth  harmonic. 
Measurements  with  the  spectrum  analyzer  show  that  the  amplitude  of 
fifth  harmonic  is  apprcximately/exemplarily  on  10  dB  lower  than  the 
amplitude  of  the  fundamental  frequency  of  -4.4  MHz. 
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Fig.  1.  The  oscillograas  of  the  signals  of  pick-up-electrodes,  which 
aeasura  the  beaa  current  (it  is  above)  and  the  ra-'ial  position 
(below)  . 

Scale  value  -  2  ps.  Photograph  is  made  after  the  establishaent 
of  instability. 
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.  the  same  as  in  fig. 


t,  not  with  very  slow  sweep, 


Scale  walae  -  2  us 
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Fig.  3.  The  oscillogram,  analogous  Pig.  2  with  that  difference,  that 
the  signal  of  a  pick-up-electrode  was  gated,  so  that  was  observed 
only  one  cluster  of  twelve.  Clearly  evidently  radial  motion  with  the 
freguancy  of  phase.  In  all  cases  is  essential  modulation  of 
difference  signal;  modulation  of  total  signal  indicates  oscillations 
of  the  form  of  cluster,  caused,  apparently,  by  nonlinearity. 

Page  45. 

Equation  of  notion  for  the  centers  of  mass  12  clusters  is  in  this 
case  the  connected  equations 

-  f,  *„  , 

where  Aw  is  determined  by  the  stresses/voltages,  described  by 
equation  (1)  and  corresponding  dynamic  coefficients 
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Here  V  -  incremental  stress  in  cne  revolution;  V9  -  equilibrium 
phase  angle,  and  vij  -  stress/ volt  age  on  cluster  I,  created  by 
cluster  J  in  accordance  vita  equation  (1):  N  -  number  of  resonator s 
and  Q0  -  frequency  of  stall  pnase  oscillations.  It  should  be  noted 
that  if  the  clusters  are  identical,  then  coefficients  Ajj  depend 
only  on  I-J  so  that  systea  it  is  cyclic  and  noraal  nodes  are  the 
roots  of  the  twelfth  degree  of  unit.  The  solutions  we  search  for  in 


the  fora 


for  node  M, 


Solving  equations  of  notice  relatively  ,  we  will  obtain 
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Pig.  4.  Photograph  of  tie  resonator,  aodified  for  the  target  washing 
by  coaxial  line  from  tie  distant  amplifier.  Washing  it  is  introduced 
into  the  capacity/ capacitance  in  the  center  of  figure.  The  converted 
stress /voltage  is  supplied  on  the  bus bar s/tires  into  the  real 
clearances  along  the  sides. 
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Pig.  5.  Diagram  of  equivalent  ccntour/outline  for  the  resonator 
clearance. 

Key:  (1).  Busbars/tires.  (2).  Ferrite.  (3).  Actual  gap  capacitance. 
(4)  .  Line  washing. 


Fig.  6.  Voltage  oscillograa  on  resonator,  adjusted  for  noeinal 
frequency,  but  beas  induced  only.  In  the  upper  oscillograa  the  fifth 
harnonic  is  distant  by  filter. 
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The  real  part  of  the  frequency  shift/shear  is  connected  with  the 
threshold.  The  analysis  cf  dispersion  equation  shows  that  if  this 
frequency  shift/shear  is  coapared  with  the  scatter  of  the  frequency 
of  phase  oscillations  in  the  beaa  (about  lo/o)  or  exceeds  it,  then 
must  occur  instability.  The  alleged  part  of  the  scatter  of  frequency 
gives  the  rate  of  growth  in  the  presence  of  instability.  Are  given 
below  the  corresponding  parameters  for  the  Brookhaven  synchrotron: 

intensity  ...  of  10*2  protons. 

Number  of  harmonics  ...  12. 

Frequency  of  phase  oscillations  ...  300  Hz. 

Energy,  acquired  for  one  revolution  •  200  keV. 

EquiliDrium  phase  angle  ...  150°. 

Number  of  accelerating  gaps  ...  24. 


Capacity/capacitance  of  the  accelerating  gap 


•  •  • 
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Frequency  of  idle  acde  ...  4,8. 


Quality  of  idle  node  ...  JO. 


Width  of 

the  cluster 

...  15  ns. 

Moaa 

Kl 

HaCTOTHblA  CflBHr 

BpeMji  HapacTa- 

ru 

HHSJ,  Mcex  Q/ 

i 

10,5 

oa 

2 

11,1 

35,9 

3 

7,9 

11,0 

4 

-7,2 

13,3 

5 

~7,7 

40,9 

8 

-6,3 

127,8 

7 

-5,88 

oo 

8 

-6,3 

-127,8 

9 

-7,7 

-40,9 

10 

-7,2 

-13,3 

11 

7,9 

-11,0 

12 

11,1 

-35,9 

Key:  (1).  (laud.  (2).  Frequency  snift/shear  Hz.  (3).  Rise  tine,  as. 


Paraaetars  these  are  deterained  very  approxiaately ;  however,  it 
is  clear  that  there  are  unstable  nodes  with  the  properties,  analogous 
observed  at  tines  of  the  build-up  cf  the  order  of  several 
Billiseconds. 


In  order  to  eliainate  this  instability,  it  is  necessary  either 
to  decrease  the  coupling  coefficients  Au,  or  to  increase  the  scatter 
of  the  frequency  of  phase  oscillations  in  the  beaa.  The  first 
possibility  can  be  realized,  after  changing  coefficient  of  F  in 
equation  (1) .  Resonators  were  acdified,  as  shewn  in  Fig.  7.  At 
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present  the  resonance  frequency  cf  the  idle  aode  of  resonators  is 
increased  to  -50  HHz,  and  its  quality  is  lowered  to  -12.  The  expected 
improvements  in  the  parameters  of  accelerator  are  given  below. 


Fig.  7.  One  of  the  resonators,  Modified  for  the  purpose  of  the 
depression  of  instability.  The  capacities/capacitances  of 
connection/coaaunication  are  displaced  nearer  to  the  real  clearances 
which  leads  to  a  reduction  in  the  inductance  between  the  clearances 
and  the  triaser  capacitors. 

Page  47. 

After  the  realization  of  these  Modifications  in  the  Brookhawen 
synchrotron  the  instability  disappeared.  It  is  possible  to  assuie 
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that  this  solution  is  oseful  up  to  intensities  10 4 3  photons  per 
pulse . 


A  similar  instability  was  observed  also  cn  the  accumulator  ring 
"Adone"  in  Frascati. 


He  are  grateful  tc  K.  Pellegrini  for  the  granting  to  us  of  the 
unpublished  data  on  "Adone”,  and  also  to  E.  K.  Kurant  and  to  A.  S. 
Sessler  for  the  useful  discussions. 


Discussion. 

Y.  B.  Stepanov.  There  are  auy  special  features/peculiarities  and 
changes  in  the  diagram  of  the  final  stage  of  the  hf  supplies, 
connected  with  the  strcng  beam  lead? 

H.  Barton.  No  changes,  besides  those  which  were  connected  with  the 
carrying  out  of  the  final  stage  into  tho  separate  building,  it  was 
not  made. 

K.  reich.  He  it  would  like  to  add  that  the  analogous  instability  was 
observed  in  the  proton  synchrotron  of  CEBN  and  was  suppressed  by  a 
somewhat  different  method. 


DOC  =  80069304 


PAGE  }%P 


99.  INVESTIGATIONS  OF  PARTICLE  DYNAMICS  IN  A  STRONG-FOCUSING  SYSTEM 
BY  THE  METHOD  OF  SIMULATION  ON  COMPUTERS. 

V.  N.  Sidel* nilco v,  N.  A.  Sozou,  N.  L.  Sosenskiy. 

(Radio  engineering  institute  of  tie  AS  USSR). 

1.  Introduction. 

The  study  of  particle  moticn,  accelerated  in  the  proton 
synchrotron,  on  computer  presents  difficulties,  connected,  first  of 
all,  with  the  considerable  machine  tine,  necessary  for  such 
investigations.  Thus,  the  integration  of  system  of  equations,  which 
describe  the  betatron  cscillatioos/vibrations  of  one  particle  in  the 
imperfect  strong-focusing  system,  by  Runge-Kutta*  s  method  on  computer 
BESM-6  requires  on  the  average  several  seconds  of  machine  time  for 
the  revolution  of  particle.  Thus,  during  the  study  of  particle  notion 
during  the  cycle  of  acceleration  are  required  times  on  the  order  of 
hundreds  of  hours.  The  necessary  machine  time  becomes  completely 
fantastic  during  the  investigation  of  the  more  complicated  phenomena, 
such  as  the  effect  of  the  proper  field  of  beam,  etc. 
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However,  after  turxng  from  the  examination  of  the  studied  system  1 

i 

to  precision/accuracy,  and  replacing  by  certain  its  aodel,  it  is  j 

possible  to  2  orders)  tc  substantially  ( aore  than  reduce  the  required  ' 
aachine  tiae.  In  this  case  it  is  iaportant  so  that  the  aodel, 
generally  speaking,  which  differs  iron  the  studied  systea  (beaa  of 
particles,  which  aove  in  the  strong-focusing  field)  ,  would  not  differ 
froa  a  precise  systea  in  teras  cf  those  its  properties  for 
investigation  of  which  this  aodel  was  intended. 


In  the  report  are  briefly  exaained  two  versions  of  the  digital 
aodel  of  bundle,  intended  for  the  study  of  nonlinear  transverse 
vibrations  of  particles  in  the  proton  strong-focusing  synchrotron  - 
version  for  the  study  cf  the  aotion  of  the  noninteracting  particles 
(single-particle  aodel)  and  version  for  study  of  particle  notion 
talcing  into  account  the  effect  of  their  interaction  (rulti particle 
model) .  Furthermore,  are  given  seme  results  of  simulation. 

2.  Single- particle  aodel. 

The  need  for  long  machine  tiae  during  the  integration  of  the 
system  of  the  differential  equations,  which  describe  particle  aotion 
in  the  proton  synchrotron,  is  caused,  first  of  all,  by  the  fact  that 
the  particle  is  subject  to  the  influence  of  forces  froa  the  side  of 
magnetic  field  virtually  tor  entire  elongaticn/extent  of  its  notion. 


P  M  '• 


7^-sj«^v^»  1  vj. -;1.  *  ”W'  li" 


DOC  =  80069304 


PAGE  /** 


It  is  reasonable  to  assume  that  the  replacement  of  real  forces  by  the 
forces,  which  act  at  the  separate  chosen  points,  could  give  essential 
savings  in  the  machine  tiae. 


Let  us  exanine  the  nodal  of  bundle,  based  on  the  replacement  of 
the  real  focusing  structure  of  accelerator  by  the  structure  which 
consists  of  thin  nagnets  arranged/located  in  the  centers  of  the 
symmetry  of  the  focusing  and  defocusing  sections  of  real  aagnet 
blocks.  Prom  the  point  of  view  c£  simulation  it  is  important  to 
determine  the  parameters  of  the  focusing  structure  of  model,  in  which 
the  fundamental  characteristics  of  the  transverse  nonlinear 
vibrations  of  particle  in  the  accelerator  and  the  model  maximally 
coincide,  and  to  also  rate/estimate  the  errors,  which  appear  as  a 
result  of  replacing  the  structure. 


Simple  analysis  makes  it  possible  to  make  following  conclusions. 
For  the  case  of  magnetic  field  without  the  disturbances/perturbations 
the  parameters  of  the  focusing  structure  of  model  and  the  initial 
conditions  of  injection  can  be  selected  by  such  that  the  frequencies 
of  horizontal  and  vertical  betatron  oscillation/vibrations,  and  also 
amplitude  of  smoothed  transverse  vibrations  in  the  accelerator  and 
the  model  would  be  equal  with  any  prescribed/assigned  degree  of 
accuracy.  In  this  case  a  maximally  possible  difference  between  the 
form  factors  of  accelerator  and  model  composes  ~7.7o/o*. 
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FOOTNOTE  ».  Ye.  Kurant,  Kh.  Snyder.  PSP,  1958,  No  4,  91.  ENDFCOTNOTE. 

Page  48. 

For  the  case  of  the  magnetic  field,  agitated  by  aultipole 
components  in  the  fora  cf  uncorrslated  random  functions  of  azimuth, 
the  functions,  which  are  determining  the  dependence  of  the  amplitudes 
of  smoothed  transverse  vibrations  on  the  azimuth,  for  the  accelerator 
and  the  model  can  have  the  quantitative  differences  not  exceeding 
0. lo/o  for  the  purely  dipole  disturbances/perturbations,  0.2o/o  for 
guadrupole,  8u/o  for  sextupole,  and  lOo/o  for  the  octupole 
disturbances/perturbaticcs. 

3.  Multifrequency  model. 

Let  us  examine  the  model  of  an  unbunched  bundle,  which  considers 
incoherent  interaction  cf  particles.  Model  is  constructed  on  the 
following  positions,  which  differ  it  from  the  real  bundle:  1)  the 
real  focusing  structure  is  replaced  by  the  structure,  which  consists 
of  the  thin  magnets;  2)  real  bundle  is  replaced  by  the  system,  which 
consists  of  the  finite  number  (not  more  than  thousand)  of  linear 
currants;  3)  the  account  of  the  effect  of  the  forces  of 
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electromagnetic  field  of  bundle  to  the  linear  currants  it  is 
conducted  in  the  center  of  each  interval  between  two  adjacent  thin 
magnets;  4)  for  calculating  the  forces  of  electromagnetic  field  of 
the  system  of  linear  currents  is  conducted  its  approximation  at  the 
first  and  second  moments/torgues  by  elliptical  cylinder  with  the 
continuous  current  distrinution. 

Analytical  estimation  of  error,  caused  by  the  replacement  of 
real  bundle  by  its  multiparticle  model,  is  very  complicated. 

Therefore  this  estimation  was  carried  out  experimentally  on  the 
computers. 

4.  Some  results  of  simulation. 

In  BTI  of  the  AS  OSSR  were  created  and  fixed  the  prograns  in  the 
language  FORTRAN, ' that  correspond  to  the  single-particle  and 
multiparticle  models  of  bundle.  Work  with  these  programs  on  computer 
BESM-6  showed  that  the  machine  time,  necesary  for  the  simulation  of 
the  notion  of  particle  in  one  revolution,  does  not  exceed  0.04  s, 
which  to  two  orders  is  less  than  during  the  use  of  a  routine  of 
integration  for  Runge-Kutta’s  method.  The  simulation  of  the  motion  of 
*^»am  taking  into  account  interaction  of  particles  requires  not  more 
than  3.5  s  machine  time  for  the  revolution  with  the  approximation  of 
bundle  100  by  linear  currents. 
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Mere  solved  tasks,  for  which  is  known  the  precise  analytical 
solution:  free  oscillaticns/vihrations,  forced  oscillations  far  from 
the  resonance  and  at  the  resonance  values  of  frequencies  of  the 
betatron  for  the  different  type  cf  disturbances/perturbations,  A 
difference  in  the  results  of  simulation  from  the  exact  solutions  did 
not  exceed  lOo/o  in  the  amplitudes  and  O.lo/o  in  the  frequencies. 

For  the  purpose  of  the  estimation  of  error  in  the  siaulation  of 
interaction  was  carried  cut  the  solution  of  one  and  the  saae  problems 
for  a  different  quantity  of  linear  currents  into  which  is 
divided/marked  off  real  bundle,  and  for  a  different  number  of  points, 
at  which  are  considered  the  forces  of  electromagnetic  field  of 
bundle.  It  turned  out  that  the  results  of  siaulation  virtually  depend 
neither  on  a  number  of  linear  currents,  if  their  quantity  exceeds 
value  on  the  order  of  100  nor  from  a  number  of  points,  at  which  is 
considered  the  effect  cf  electromagnetic  field  of  bundle,  if  a  number 
of  these  points  is  not  less  than  one  to  the  interval  between  two 
adjacent  thin  magnets. 

On  the  aultiparticle  model  was  carried  out  the  study  of  the 
process  of  passage  through  the  whole  resonance  under  the  effect  of 
the  space  charge  cf  bundle  for  different  means  of  the  random 
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disturbances  of  the  magnetic  field  of  the  proton  synchrotron  of  the 
HTI  of  the  AS  USSB.  In  the  figure  as  an  exaaple  are  given  the 
dependences  of  the  aaxixum  values  of  the  first  and  second 
moments/torques  of  bundle  from  the  speed.  The  integration  of 
equations  of  notion  was  conducted  in  the  interval  of  the  variation  in 
the  frequencies  of  the  particles  from  5.  9  to  6. 1  with  the  random 
disturbances  of  field  with  which  the  ras  value  of  excursion  of  closed 
orbit  is  equal  to  2o/o  froa  the  semiaperture r  and  the  ras  values  of 
width  of  resonance  bands  were  equal  to  0.01.  The  curves  of  figure  ( 

correspond  to  average/aean  values  on  10  realizations  of  randoa 
functions. 

The  authors  hope  that  this  work  will  draw  specialists'  attention 
in  particle  accelerators  to  the  great  possibilities  which 
open/disclose  digital  simulation  in  the  accelerative  technology. 
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Passage  through  the  whole  resonance  in  the  presence  of  dipole, 
quadrupole  and  seztupole  disturbances/perturbations  Mx  ,  Mt  - 
first  aoeents/torgues  of  bundle  in  the  fractions  of  seeiaperture 
-  central  seccnd  eosents/torgues  of  bundle;  ~ 

frequency  of  betatron;  S  -  speed  of  bundle. 


Page  49 
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Discussion. 

A.  N.  Didenko.  In  the  real  accelerators  there  are  resonances,  distant 
to  value  4^  compared  with  the  precision/accuracy  of  your  method.  It 
is  possible  whether,  utilizing  your  aethod  of  simulation,  to  obtain 
the  results,  which  characterize  the  effect  of  such  resonances  on  the 
particle  motion? 

N.  L.  Sosenskiy.  It  is  possible,  in  these  cases  it  is  necessary  to 
use  the  approximation  of  real  magnet  by  a  large  number  of  thin 
magnets  (two,  three,  etc.).  In  this  case,  however,  increases  the 
necessary  machine  time. 

V.  V.  Tsygankov.  In  what  there  was  the  purpose  of  the  work?  Which 
order  of  magnitude  of  nonlinearity  and  is  substantial  their  effect? 

N.  L.  Sosenskiy.  The  basic  purpose  of  the  work  consisted  of  the 
investigation  of  allowances  on  the  nonlinear 

distur bances/perturbaticns  of  magnetic  field  in  the  accelerator  of 
the  STI  of  the  AS  USSR  tc  the  energy  1  GeV,  which  is  necessary  for 
developing  the  systems  cf  nonlinear  correction. 


The  effect  of  nonlinearity  was  essential 
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V.  G.  Davidovskiy.  How  many  revolutions  were  outlined? 

N.  L.  Sosenskiy.  For  purposes  of  our  investigations  it  was  simulated 
the  order  of  several  thousand  revolutions. 

Ye.  L.  Kosarev.  How  machine  time  of  the  calculation  of  one  revolution 
in  the  single- particle  apprcxiaation/apptoach? 

N.  L.  Sosenskiy.  Count  time  on  the  computers  B2SH-6  of  -0.03  s  for 
one  revolution  of  particle  motion  with  a  number  of  magnets  100. 

Ye.  Hagenshtreyf .  How  far  it  is  possible  to  use  the  extrapolation  of 
your  low-energy  into  the  region  program  and  under  what  conditions? 

N.  L.  Sosenskiy.  Investigations  were  conducted  for  the  energy  of 
injection,  equal  to  1  HeV.  For  lower  energies  the  estimations  were 
not  conducted. 


t 
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100.  ELECTRON  ANALOG  OF  THE  CIRCULAR  CYCLOTRON. 

A.  A.  Glazov,  V .  P.  Dzhelepov,  v.  p.  Dmitriyevskiy,  B.  I. 
Zaaolodchikov,  7.  V.  Kcl'g,  D.  L«  Novikov,  L.  M.  Onishchenko. 

(Joint  Institute  for  Nuclear  Research). 

Tha  constantly  growing  requirements  for  the  precision/accuracy 
of  physical  experiment  cause  the  need  for  the  creation  of 
accelerators  with  all  by  nigh  currents  and  stimulate  the  theoretical 
and  experimental  studies  of  tha  possibility  of  designing  of  such 
accelerators. 

In  the  laboratory  of  nuclear  problems  in  the  beginning  of  1968 
was  put  into  operation  electron  analogue  of  new  type  accelerator  - 
relativistic  circular  cyclotron  with  strong  focusing  [1]. 

Nodal  has  an  identical  to  the  proton  accelerator  being  simulated 
final  energy  and  a  set  of  energy  per  revolution  (in  the  energy  units 
of  rest) ,  and  also  frequency  of  betatron  and  phase  width  of  cluster. 

If  we  proceed  from  the  assumption  that  the  current  strength  in 
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the  accelerator  is  United  to  weakening  transverse  focusing  due  to 
the  action  of  space  charge,  then  under  conditions  indicated  above 
current  in  the  proton  macnine  being  sinulated  is  connected  with  the 
current  of  electron  analogue  with  the  re laticnship/ratio 


-jfe— i _ goo  A*.d 

t-e  «ve  Ax,  fn0«  u,  Ai,  a  Ai. 


ax,  ^  u,  Ai,  Bj*  A^ 

where  «  and  Az  -  frequency  of  revolution  and  height  of  bundle;  M0  - 
mass  of  particle,  B0  -  nagnetic  field,  eV  -  set  of  energy;  index  p  - 
relates  to  the  protons,  e  -  to  the  electrons.  Magnetic  field  in  the 
model  on  a  radius  of  injection  as  equal  to  14  G;  if  we  accept  for  the 
proton  machine  3o=4200  G  and  Az^/ax,  =  2,  then  the.  coefficient  of 
simulation  in  current  »-p /i,  “  800. 


Basic  parameters  cf  electron  analogue  following; 


Energy  of  the  injection  ...  _  6  kev. 


Radius  of  tha  injection  ...  ~~  18  ca. 


Pinal  energy  ...  '  409  keV. 


The  terminal  radius  ...  100.7  cm. 


...  f=39.475  kHz; 

-121,2  cm;  l,045t>2;  ft.- 
-  1,15  ►  1,32. 


Frequency  of  revolution 
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f&e  system  of  injection  into  electron  analogue  [2]  provides  on  a 
radius  of  injection  currant  in  the  fora  of  aicroclusters  in  amplitude 
to  20  aA  and  by  duration  of  2.0  ns. 

Model  has  besides  continuous  also  pulsed  operation  node,  which 
is  reached  by  modulation  of  injectcr  or  accelerating  voltage  or  that, 
etc.  simultaneously. 


Is  at  present  on  the  terminal  radius  of  accelerator  obtained  • 
average/mean  current  600  pA,  which  corresponds  to  the  current  of 
protons  300-400  aA.  The  dependence  of  current  on  a  radius  is  shown  on 
Fig.  1 A,  b. 


Fig.  1c  shows  the  dependence  of  the  electron  density  on  a  radius 
(curve  1),  defined  as  [3] 

"■T3«  '  121 

In  the  same  figure  (curve  2)  is  shown  the  dependence  on  a  radius 


of  the  maximum  density,  determined  from  the  condition 

T,c-« - 1,  1  (8) 

where  —eJ/4tteom0ca«2,82-nfn  [ce]  “  classical  radius  of  electron. 
During  conclusion/output  (3),  and  also  (1)  it  was  assumed  that  the 
space  charge,  concentrated  in  the  "infinite"  layer  by  thickness  Az 
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reduces  the  frequency  cf  bouncing  Q.z  to  the  unit. 


Page  50. 


During  the  determination  of  density  from  (2)  it  is  necessary 
besides  the  current  strength  to  knew  also  the  set  of  energy  per 
revolution  eV,  vertical  Az  and  aziauthal  A*  the  sizes/dimensiens  of 
bundle. 

The  vertical  size/dimension  of  bundle  was  determined  according 
to  the  current  distribution  on  tae  nine-segment  target,  which  was 
written/recorded  to  the  automatic  recorder  (or  it  was  observed  on  the 
five-beam  oscillograph).  Dependence  A*C*)  is  shown  in  Pig.  2a 
(full/total/complete  width  on  the  half-height  of  distribution).  On 
the  larger  part  of  the  radii  Az  do  not  exceed  5  am. 


The  set  of  energy  per  revolution  was  determined  by  the  time  of 
the  acceleration  of  bundle  to  the  fixed/recorded  radius  in  the  pulsed 
operation 


oV_  Wfohwfr) 


(4) 


whera  W(%)  -  energy  on  a  radius  t- >*(•*)'  -  the  time  of  acceleration  to 
this  radius;  T  -  revolution  period.  Pig.  2,  in  shows  the  averaged  for 
the  selected  interval  cf  radii  value  of  the  set  of  energy  depending 
on  a  radius  with  accelerating  voltage  1.2  kv.  This  picture  gives  also 
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representation  about  the  notion  of  the  phase  of  the  accelerated 
bundle.  Fig.  2d  shows  the  behavior  of  the  phase  of  bundle  along  a 
radius,  changed  directly  with  the  aid  of  the  phasemeter.  It  is 
evident  that  the  f ull/tctal/complete  deviation  of  phase  does  not 
exceed  25°. 

The  azimuthal  size/dimensicn  of  the  cluster  of  the  accelerated 
particles  was  measured  with  the  aid  of  shielded  target  signal  with 
which  with  the  matched  cabxe  was  supplied  to  the  entrance  of  the 
stroboscopic  oscillograph  (simultaneously  was  determined  the 
amplitude  of  current).  The  results  of  this  measurement  are  shown  in 
Fig,  2b,  from  which  it  is  evident  that  A#  not  not  greatly  strongly  it 
is  not  changed  along  a  radius  and  close  to  0.5  rad. 

Besides  the  measured  characteristics  of  bundle  whose  knowledge 
is  necessary  for  deter  lining  the  particle  density  in  the  accelerated 
bundle,  were  experimentally  determined  the  values  of  frequencies  of 
the  betatron  on  different  radii.  Oscillations/vibrations  (center  of 
gravity  of  bundle)  were  swung  by  the  high-frequency  field  which  was 
created  by  the  electrodes  of  the  corresponding  configuration  (by  two 
horizontal  plates,  supplied  antiphase  -  for  oscillation  of  bouncing; 
by  vertical  plate  and  by  claddings  of  chamber/caaera  -  for  the 
driving  of  bouncing;  by  vertical  plate  and  by  claddings  of 
chamber/caaera  -  for  the  building  up  of  radial  oscillations) .  The 
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supplying  to  tha  plates  radio- frequency  voltage  cables  terminated  by 
the  matched  loads,  which  provided  constant  (with  an  accuracy  to 
20o/o)  stress  of  driving  ovar  a  wide  range  of  frequencies.  The 
reconstructed  in  the  range  45-105  flHz  oscillator  operated  on  a  pulsed 
basis.  Resonance  was  fixed/recorded  on  reduction  in  current  cn  the 
target. 
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Fig.  1.  Dependence  on  radius  of  average/aean  current  (a),  amplitude 
of  current  in  cluster  ( b ),  electron  density  (c) . 


Key:  (1) .  pA.  (2) .  a  A. 

Fig.  2.  Dependence  on  radius  of  height  of  bundle  (a) ,  phase  width 
(duration)  of  cluster  (b)  r  set  cf  energy  per  revolution  (c)  ;  phase 
position  of  cluster  (d). 
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Key:  (1)  .  ns.  (2) .  Ice V. 
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The  results  of  measurement  and  Q*  are  represented  in  Pig. 

3a  and  3b  together  with  the  theoretical  dependences  of  these  valaes 

from  a  radius,  obtained  fro*  relatronships/ratios  [4] 

at  _  N*  &*«*  6*1? 

*  2(N!l-1-n)  2*2(N4-i-n)  +  2*aN a  * 


+  n)a*o,7 — ®a 


(5) 

e*  N 

2(Na-4-4n)  N^-1-n  + 


where  n  -  index  of  an  increase  in  the  magnetic  field;  t  -  depth; 
*  m  8  cm  -  spiral  pitch;  N=8  -  number  of  spirals. 


Resonance  frequency  was  fixed/recorded  with  the 
precision/accuracy  not  worse  than  200  kHz.  so  that  the 
precision/accuracy  of  measurement  Q  is  determined  in  essence  by  final 
radial  extent  of  plates  {4  cm).  Described  measurements  give 
sufficiently  complete  information  about  the  characteristics  of  bundle 
and  they  make  it  possible  to  define  as  particle  density  in  the 
accelerated  bundle  (maximum  density,  achieved/reached  on  the  terminal 


DOC  =  80069304  PAGE  A#*' 

\ 

radius,  is  4.  107  1/cm3),  so  also  expected  frequency  shift  of  bouncing 
under  the  action  of  space  charge. 

According  to  theoretical  representations  [5]  the  space  charge 
aust  have  an  effect  cn  the  incoherent  frequency  (frequency  of 
particles  relative  to  the  center  of  gravity  of  bundle)  of  betatron, 
while  coherent  frequency  aust  reaain  constant  with  the  high  degree  of 
accuracy.  This  latter/last  confiroation  was  subjected  to  experinental 
check,  frequency  bouncing  the  center  of  gravity  of  bundle  was  { 

deterained  on  the  fixed/ recorded  radius  with  a  change  in  the  current 
fro«  10  to  620  mA,  which  corresponds  to  density  change  from  2.5*10s 
1/c»3  to  1 .6*  107  1/cm3.  The  relative  precision/accuracv  of 
measurement  Q  composed  0.005.  Bithin  this  precision/accuracy  it  was 
not  noted  dependence  Q,  on  the  strength  of  current  (Fig.  3c) • 

\ 

For  measuring  the  frequency  of  incoherent  was  made  the  attempt 
excite  parametric  resonance  oy  high-frequency  field,  close  one  in 
form  to  the  field  of  quadrupole,  which,  however,  proved  to  be 
unsuccessful.  This,  apparently,  it  is  possible  to  explain  by  the 
insufficient  speed  of  the  accelerated  bundle  in  the  zone  of  action  of 
the  exciting  field.  In  order  to  overcome  this  difficulty,  was 
realized  the  mode/conditions  of  the  circulating  bundle.  Bundle 
remained  in  the  zone  of  action  cf  exciting  fields  due  to  modulation 
accelerating  voltage.  In  this  case  due  to  finite  time  of  the  life  of 
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electrons  and  deliquescence  of  the  circulating  bundle  in  the  azimuth 
bearing  the  charge  density  decreases  in  the  time.  Fig.  4a  shows  the 
oscillogram  of  the  signal,  aimed  at  a  pick-up-electrode  by  the 
circulating  bundle,  while  in  Fig.  4b  the  same  during  the  excitation 
of  external  resonance  (duration  cf  the  pulse  of  the  exciting  field  of 
approximately  15  ps)  .  At  present  this  experiment  continues. 
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Pig.  3.  Dependence  on  radius  (a)  ,  froi  radius  (b) ,  Q,t  froa 

strength  of  average/aean  current  (c) . 

Key:  (1).  uA. 

Fig.  4.  Oscillograms  of  signal  cn  pick-up-electrode,  aimed  by 
circulating  bundle  (scanniug/sneep  50  ps/cm) .  a)  in  the  absence  of 
exciting  field;  b)  during  the  excitation  of  external  resonance. 


.  •-,'«,**./  '  *  '  ^ "  ’  ■  -  *i  ’$ 
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101.  SOHE  EFFECTS  OF  A  SPACE  CHARGE  IS  THE  BOOSTER  ASD  HAIS 
ACCELERATOR  OF  THE  INSTITUTE  OF  HIGH- ENBBGT  PHTSICS  [  IFVE  ]. 

V.  I.  Balbekov. 

(Institute  of  high-energy  physics) • 


( 


I.  A.  Shukeylo. 

(Scientific  research  institute  of  the  electrophysical  equipment  ia. 

D.  V.  Yefremov) . 

The  pro j acted/designed  increase  in  the  intensity  of  proton 
synchrotron  of  the  IFVE  [1]  requires  the  detailed  analysis  of  the 
phenomena,  connected  with  the  effect  of  space  charge.  In  this  work  is 
exaeined  the  repeated  intersection  of  resonances  due  to  the  Couloeb 
shift/shear  of  betatron  frequencies.  Is  usually  dangerous  the 
intersection  of  linear  resonances;  however,  in  booster  and  in  lain 
accelerator  of  the  IFVE  are  established/installed  severe  limitations 
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for  the  permissible  increments  in  the  amplitudes.  Furthermore,  in 
main  accelerator  is  provided  for  prolonged  -  to  1-2  s  -  the 
circulation  of  beaa  in  the  Magnetostatic  field.  Under  such  conditions 
proves  to  be  dangerous  the  intersection  of  resonances  to  the  4th 
order,  which  makes  it  necessary  attentively  tc  relate  to  the 
selection  of  the  position  of  operating  point  and  the  work  of  the 
systeas  of  correction. 

The  repeated  intersection  cf  one-dimensional  resonances  was 
exaained  in  the  series/rcw  of  works  [2]  however  a  strict  solution  of 
this  problea  sufficiently  coaplicatedly  and  leads  to  the  bulky 
results.  The  target  of  this  article  consists  in  the  fact  that,  on  the 
basis  of  soae  simplifying  assumptions  obtaining  of  the  formulas, 
suitable  for  the  rapid  evaluations  of  the  effect  of  any  resonance. 

Examining  accelerator  with  high  intensity,  it  is  possible  to 
disregard  the  dependence  of  betatron  frequencies  on  the 
in  pulse/moment urn /pulse  and  to  consider  only  Coulomb  shift/shear.  From 
the  following  it  will  be  evident  that  when  spread  along  the 
inpulses/monenta/pulses  proves  to  be  essential,  its  effect  it  is  not 
difficult  to  rate/estimate.  We  will  not  also  examine  coherent  Coulomb 
shift/shear,  since  it  usually  is  considerably  less  than  the 
incoherent.  During  the  calculation  of  the  1  tter  it  is  possible  to 
disregard  wall  effect  which  gave  relatively  small  contribution. 
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la  these  propositions  the  shifts  /shears  of  the  betatron 
frequencies  froe  rating  values  0. ro ’ a*o  are  connected  vith  the 
relationship/ratio 

AQ.r-^AQs  U) 

with  the  constant  $  and  AQa  oscillating  vith  the  doable  frequency  of 
the  synchrotron  oscillations/vibrations  between  the  extreae  values: 

(ha*)min-Aa(i-»»)',a,  (2) 

where  a  -  relative  aaplitude  of  the  synchrotron  oscillations  (it  is 
assumed  that  the  phase  density  is  permanent,  and  synchrotron 
oscillations  they  are  linear). 

An  increment  in  the  aaplitude  during  the  single  intersection  of 
resonance  is  deterained  by  the  speed  of  intersection,  for  which  is 
obtained  the  estiaation: 

d(AQjt)  a  (AQa)Wa»~(hfti)mi.n  __ 

is  Aa 

where  s  -  arc,  aeasured  along  the  equilibrium  orbit;  As  -  path, 
passed  by  particle  for  fourth  of  period  of  synchrotron  oscillations, 
i.  e.,  daring  the  nean  tiae  between  two  intersections  of  resonance. 


The  radial  and  verticals  deflection  of  particles  froa  the 


‘■.VTr 
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axis/axle  let  us  write  in  the  fora 


(  x,a^©Vv  »%,+  aV*  »*fi> 


(4) 


with  the  function  of  floguet,  calibrated  according  to  the  condition: 

9<P*' ur,  (5) 

where  p  -  iapulse/aoaentua/pulse;  w=2  a  -  Sronskian  determinant, 
priae  indicates  differentiation  with  respect  to  s. 

As  is  known  (see  for  example,  [3]),  near  the  resonance  the 
aaplitudes  of  betatron  oscillations  satisfy  systea  of  equations: 


where  e-n^a^+n,^- w  -  detuning;  H0  -  the  Bean  radius  of  equilibriua 

orbit;  n-|rKl+l"*l  -  order  of  resonance;  -  its  width.  The  sign  of 

the  index  of  exponential  curve  depends  on  the  signs  of  integers  n<*,n% 

and  it  does  not  affect  results.  Furthermore,  further  it  will  be 

necessary  to  know  only  acduli/aodules  which  with  a  sufficient 

precision/accuracy  can  be  written  in  the  fora 

1  !«sl 


(n-1)' 


Qobty^  ^lajiy-r , 


>  *  (7) 

*(W*- 

1  ^p80  I'M,  ,ln*> 

2^r0 1  T"*iW  M  e  0  as 


(8) 


ft 


n-1 


Tn-i“  (n-i)!H 


8-W 


3% 


n-T 


(9) 


T<  “  t»0 


where  R  -  radius  of  curvature  in  the  magnetic  field;  fn-i  -  nonlinear 


1 
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addition  to  the  aagnetic  field  at  a  distance  5  froa  the  axis/axle;  6 
-  half-width  of  the  chaaber/caaera:  ah(%,x)/h  -  the  relative  deflection 
of  aagnetic  field  froa  coaputed  value,  a  ore  over  AH- AH*  with  even  ln*|  > 
and  AH*  -  with  the  odd. 


Page  53. 


For  solving  systea  (6)  we  will  use  the  net hod,  which  were  being 
applied  earlier  in  work  £4}  where  shown  that  with  an  accurao-*  down  to 
the  terns  -]?*,»)  a  relative  increaeut  in  the  aaplitude  A|a\/la\  is 
randon  function  i'th  the  zero  average/aean  value,  and  is  found 
dispersion.  In  order  to  find  the  expansion  of  bean,  for  exanple 
according  to  a,  the  distribution,  exaained/considered  with  aaxiaun 
initial  aaplitude  \a*U  one  should  average  in  the  anplitudes  of 
synchrotron  and  vertical  betatron  oscillations.  Then,  considering 
that  the  phase  density  is  peraanent  in  all  projections,  and  utilizing 
(1) ,  (3),  (7),  we  will  obtain  the  following  expression  for  a 
root-aean-sguare  increment  in  the  sizes/diaensions  of  the  beaa: 


/AifhiiLs*  ^,tla _ _ 

^  lo*,zl  '  [|na+^|(a|nXAl+l) 

:  ■  -tf-f . 


*(10) 


whera  f  -  frequency  of  revolution;  are  taken  with  the  aaxinua 
anplitudes;  integration  is  conducted  according  to  the  region  in  which 
AQ>AQ0»  AQ0  -  vertical  Couloab  shift/shear  with  which  the  operating 
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point  reaches  the  resonance  line 

■  q  ,  nTQ.^Q-k  (11) 

n,+  ^»ia 

Applying  formula  (10}  to  main  accelerator,  let  us  examine  the 
period  of  injection,  vhicn  represents  the  maximum  danger.  In  this 
case  p=p0;  f= 1. 86» 1 0s  s”1,  t=1.2  s,  AQo=0.12,  5=0.5.  Coulomb 
shifts/shears  are  found  cu  the  assumption  that  the  chaaber/camera  of 
booster  is  utilized  completely  (  £%=*  44  cm*»irad,  Ea=  =10  ca*mrad)  ,  and 
subsequently  the  sizes/diaensions  of  beam  change  adiabatically,  since 
upon  the  injection  into  main  accelerator  E*»  5,3  cm*arad,  £,*“1,2 
ca«mraa.  The  permissible  increase  of  the  sizes/diaensions  of  bean 
takes  as  the  equal  to  0. 15  on  a  radius  and  0.30  on  the  vertical  line. 

Thus,  are  obtained  limitations  to  the  width  of  the  resonance: 

[Uni  +  nUClKl-*- 1)]  U2) 

[j^nz+  n*vK,Mn%l+ i)J  (i3) 

In  the  most  adverse  case  when  A<Jo=AQ=0.  12,  allowances  for  the  width 
of  resonance  in  limits  of  10**-10-». 

Let  us  note  that  0i  if  anj  +  riT,  -  o,  i.e.  when  the  operating 
point  is  aoved  along  the  resonance  line.  In  reality,  here  it  is 
necessary  to  consider  tne  dependence  of  betatron  frequencies  on  the 
iapulse/aoaentua/pulse,  which  will  lead  to  a  change  in  the  parameter 
5.  Analysis  shows  that  ir.  this  case  should  be  taken  5s1,  i.e.,  the 
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limitations  for  the  resonance  of  the  third  order  -l,  n%-  2 
approxiaately/exemplarily  the  same  as  to  the  ethers:  l<j»al  <  5- 10“5  ; 

1<^I  <  M0“4  . 

According  to  the  data  of  aagnetic  measurements  the 
root-mean-square  spread  cf  the  nonlinearity  of  the  field  of  main 
accelerator  is  evaluated  with  n=2-5  at  (1-5)«10“*  at  a  distance  of 
8.5  cm  from  the  axis/axle.  Hence  it  is  possible  to  rate/estiaate 
harmonics  of  field  and  man  actual  width  of  resonance  bands. 
Comparison  with  allowances  (12)- (13)  makes  it  possible  to  conclude 
that  the  resonances  of  the  second  and  third  order  undoubtedly  are 
dangerous:  their  width  exceeds  that  permitted  into  ten  or  hundreds  of 
tines.  The  width  of  the  resonances  of  the  fourth  order  somewhat  more 
than  permitted,  but  not  so  that  it  would  be  possible  to  make  the 
single-valued  conclusion  about  their  danger,  since,  apparently, 
difference  is  within  the  limits  of  the  errors  for  aagnetic 
measurements  and  calculations.  The  resonances  of  the  fifth  order  have 
a  width,  nisnachined  undersize,  but  when  the  precision/accuracy 

again  is  insufficient  for  the  confident  conclusion  about  their 
safety. 

After  considering  all  dangerous  and  doubtful  resonances,  it  is 
possible  to  conclude  that  optimum  frequencies  are  Q-n>“  9»9*  ®io"  9,87t 
linearity  correction  of  xhat  calling  resonance?  c^x"  to 
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1*10"5  aaking  it  possible  sunstancial  to  facilitate  the  coalitions 
for  particle  notion. 

Analogous  calculations  were  aade  for  the  booster*  Couloab 
shift/shear  in  which  grows/rises  during  1.5  as,  after  injection  from 
0.05  to  0.1,  and  then  sacothly  it  decreases,  reaching  at  the  end  of 
cycle  **0. 01 .  The  peraissible  increments  in  the  sizes/diaensions  of 
bean  were  accepted  equal  to  0. 15.  It  turned  out  that  froa  the 
resonances  of  the  third  order  are  aost  dangerous  the  following: 

ciav'-ci*  *  10;  p.ron  intersection  possibly,  if  the  spread 

of  quadratic  nonlinearity  at  a  distance  of  8  ca  fron  azis/axle 

<.  s-icf5.  The  intersection  of  the  renaining  resonances  of  the 
third  order  is  possible,  if  <  1-10~4,  <  5.io“4"  All  resonances  of 

the  fourth  order  are  safe  when  <5«10“*,  which,  apparently,  is 

easily  feasible.  Therefore  the  selection  of  betatron  frequencies  in 
region  Q<,0  -  3,38  seens  sufficiently  to  those  substantiated, 

although  they  are  not  excluded  and  other  regions,  for  example, 

Qn~  3,42,  Q,0-  3,38. 

In  conclusion  let  us  note  that  increnents  in  the  amplitudes 
sufficiently  weakly  are  changed  with  the  change  AQ  so  that,  if  the 
actual  displacement  of  operating  point  will  differ  sonewhat  fron  the 
calculated,  this  little  will  influence  the  peraissible  value  of  the 
scatter  of  the  paraneters  of  blocks/nodules/units. 
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102.  ALIGNMENT  AND  ADJUSTMENT  OF  BEAMS  OF  SECONDARY  PARTICLES.  THE 
USE  OF  COMPUTERS  FOB  INVESTIGATION  OF  THE  PROCEDURE  OF  ADJUSTMENT. 

?.  V.  Miller. 


(Institute  of  theoretical  and  experimental  physics)  . 

During  the  calculation  of  displacement  tolerances  of  the 
magnetic  eleaents/cells  (see  references  in  [1])  they  always  accept, 
that  the  value  of  the  central  particle  momentum  p„  of  band  hp/p„  is 
determined  at  the  input  into  the  system.  However,  in  the  secondary 
beams  the  isolation/lifceration  of  momentum  range  occurs  in  system 
itself,  and  the  transverse  shift/shear  of  lenses  not  only  displaces 
bean  at  the  end  of  the  system,  but  also  changes  value  of  p0. 

In  work  [1]  it  is  shown  that  the  transverse  shift/shear  of  the  i 
lens  to  value  &x  in  the  linear  approzimation/approach  causes  the 
displacement  of  source  of  the  image,  created  by  the  j  element/cell, 

on  - . . .  —  - 

A®j"“8s  (Mvj~  M(V-1)j) 

where  -  coefficient  of  linear  magnification  from  the  t— th  to  the 
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j  image.  Let  at  the  point  of  the  j  image  be  placed  the  colliaator  for 
the  isolation/liberation  of  band  hp/p0  (pulse  colliaator)  .  Then 
through  the  center  of  this  colliaator  pass  particles  with 
8“fkp|ft~6i(M(v-^)}  where  Boj  -  dispersion  in  pulse  colliaator, 

and  beam  displaceaent  at  the  and  of  the  system  (in  the  k  iaage) 

(2) 

^W-6xDik(M(i_l)rMli)/D0j  . 

For  nondisperse  systems  D0j  Mj^  +  D^-Q  and  latter/last  foraula  takes 
the  saae  fora,  as  (1), 


For  the  isolation/liberation  of  the  band  of 
iapulses/aoaenta/pulses  is  iaportant  also  fine  adjustaent  along  the 
axis  of  the  systee  of  internal  target  of  accelerator  and  all 
collimators.  With  the  adjustaent  the  target  locations  usually 
establish/install  ainiaua  clearances  in  aperture  (AK)  and  pulse  (IK) 
collimators  (Fig.  1)  and  in  the  switched-of f  lenses  and  the  nominal 
field  in  magnet  B?  is  changed  current  in  magnet  Ba.  If  target  offset 
xM*0,  then  the  aaxiaua  of  the  count  of  small  counter  at  the  end  of 
the  system  reaches  at  the  field  in  Bt  different  from  the  the  nominal 
B„,  *m-AH/H0  *■  0.  Target  location  is  corrected  until  is  equal  to  0. 

The  sensitivity  of  method  in  the  linear  approxiaation/approach 

is  equal  to  •  ;  ~  r  -  r, 

drM/d*«-[«1(L3+ !<,)!.,+  04  (L^LOL  J  /  [a,  (J.3+  L4)L» 

,  *  ^’t3)'*cSaa  » 

where  -  coefficients  of  the  aatrix/die  of  transition  from  t::<* 
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target  to  the  collinatoi  AK.  If  target  is  located  out  of  the  magnetic 
field,  then  1^=  »o, Tia - L0  .  Then  in  the  parameters  of  channel, 

designated  in  Pig.  1 , . drM /d*M- -0,48%-cm"1.  Sensitivity  increases,  if 
counter  C  approaches  magnet  E^. 

Formula  (3)  is  obtained  in  the  assumption  that  there  is  no  focusing 

in  magnets,  and  dimensions  of  the  target,  counter  C 

and  clearances  in  the  collimators  they  are  negligible. 

Counter  C  single  although  actually  is  applicable  telescope  of 
counters.  In  the  real  cases,  especially  when  a  larger  nuaber  of 
aagnets  is  present,  it  is  possible  to  resort  to  the  aid  of  computers. 
Pig.  2  reflects  dependence  on  y  the  intensity,  recorded  by  counter  C 
of  finite  dimensions  (curve  of  adjustment)  with  the  final  clearances 
in  the  colliaators  and  the  finite  dimensions  of  target  for  the 
channel,  shown  in  Pig.  1.  Calculations  are  carried  out  according  to 
the  program  "Pocus"1. 

P00TW0T8  *.  Program  "Pccus*  for  the  optimization  of  the  magnetic 
systems  (see  references  in  [!]}  is  substantially  modified.  Are  added 
th‘<!  new  operators  of  optimization,  for  example,  is  introduced  the 
operator  of  the  generalized  focusing,  who  makes  the  divergence  of 
sine- like  trajectory  with  the  given  x*0  (or  jl0)  egual  to  the  given 
one  (taking  into  account  the  sign).  In  particular,  this  divergence 
can  be  egual  to  zero  (in&^e).  Is  possible  the  optimization  of  the 
axial  extent  of  bunch  of  particles  and  isochroaization  of  system,  the 
optimization  of  chromatic  aberration,  agree* *nt  cf  phase  ellipses, 
etc.  Program  allows  the  calculation  of  all  aberrations  of  the  2nd 
order  and  most  important  aberrations  of  the  3rd  and  5th  orders.  In 


-  v-as**'*  v  * .  «ww®ww«  . 
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the  program  are  provided  for  check,  diagnostics,  and  sometimes  also 
the  correction  of  the  errors  in  input  data  and  the  convenient  form  of 
readout,  in  particular,  most  automatic  possible  obtaining  of  the 
charts  of  separate  trajectories,  and  also  pulse  spectra  of  particles, 
passing  through  the  system,  which  switches  on  collimators  and 
counters,  and  also  the  total  " profile/airfoil"  of  beam  for  entire  set 
of  particle  momenta.  Prograa  calculates  the  aperture  ratio  of  system 
taking  into  account  the  dependence  of  the  output  of  secondary 
particles  on  their  mass,  the  lmpulse/moaentum/pulse  and  the  angle  of 
emission,  and  also  energy  of  protons.  ENDFOOTBOTB. 

Sensitivity  dWd**  calculated  from  the  shift  of  the  maximum  of 
curve  of  adjustment,  will  agree  with  the  value,  obtained  from  formula 
(2) .  Analogously  it  is  possible  to  examine  the  effect  of  the  shift  of 
collimators. 
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Fig.  1.  System  of  r-agnets  and  collimators.  H  -  target;  AK  and  IK  - 
aperture  and  pulse  colli sators;  t  -  region  of  the  field  of 
accelerator;  Bt  and  B2  -  aagnets;  C  -  counter;  angles  of  notation 
«i=a2=4'0. 1  rad;  L0-L4  a*«  equal  to  with  respect  6,  4,  6,  8  and  10  a. 
Unbroken  curve  -  trajectory,  passing  through  centers  AK„  IK  and  S. 

Page  55. 

Let  us  pause  even  at  the  use/application  of  computers  to  the 
investigation  of  the  procedure  of  the  adjustaent  of  horizontal 
focusing  in  the  first  objective.  The  first  results  are  described  in 
[ 1 ].  Is  sufficiently  propagated  the  following  method  of  adjustaent. 
At  the  end  the  systeas  place  counter  C  (large  size/ dimension  on  the 
vertical  line)  and  consider  that  the  correct  adjustaent  to  the  pulse 
colliaator  corresponds  to  the  aaziaua  of  readings.  Frequently  as  a 
result  of  this  procedure  systea  proves  to  be  in  the  coapletely 
unlikely  aode/conditions. 


Alignaent  procedure  it  is  convenient  to  siaulate  on  the 
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coaputers.  As  the  first  exaapie  let  as  exaaine  the  achcoaatic  system, 
shown  in  Fig.  3.  Fig.  4  shows  the  dependence  of  the  intensity, 
recorded  by  counter  fro  a  the  aode/conditions  of  the  first  and  second 
objectives.  As  the  criterion  of  the  defocusing  of  the  first  objective 
is  accepted  the  distance  St  froa  the  center  of  IK  to  the  source  of 
the  iaage,  created  by  the  first  objective.  Along  curves  1-6  6t  is 
constant,  and  varies  -  distance  froa  IK  to  that  point  on  the 
axis/axle  of  systea,  that  is  focused  by  the  second  objective  to  the 
center  of  counter  c. 

Froa  Fig.  4a  it  is  evident  that  curve  3,  which  corresponds  to  a 
precise  focusing  on  IK,  is  separated/libarated  in  no  way:  if  we  focus 
beaa  on  0.5  a  nearer  than  IK,  then  it  is  possible  to  obtain  the  large 
intensity  (curve  2).  Sith  the  large  defocusing  (curves  5,  6)  the 
curves  become  double- huiped;  tnis  phenomenon  is  accoapanied  by  the 
appearance  of  the  second  aaxiauas  in  the  pulse  spectrua  of  particles. 

If  at  the  output  of  the  systea  (it  is  direct  after  lens  Of)  to 
supply  aagnet  B3,  which  turns  beaa  on  the  angle  of  a3=*0.1  end  (in  the 
other  direction,  than  Bx  and  B2) ,  then  curves  1-6  strongly  will  be 
drawn  together,  and  their  aaxiauas  will  increase  (Fig.  4b) .  In  this 
case  -is  observed  an  increase  in  the  band  Ap/p  by  the  passed  systea 
due  to  the  coapensating  action  of  rotation  in  B3.  Bith  sign  change  «3 
the  curves  strongly  are  separated/expanded,  their  height  and  band 
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Ap/p  decrease. 

Pig.  5  shows  the  calculated  curved  adjustments  for  the  real 
system  -  beam  2A  on  the  accelerator  of  the  1F?B.  The  structure  of 
channel  is  analogous  shewn  in  Pig.  3.  but  doublet  Q4QS  is  replaced  to 
the  quartet,  within  which  is  created  parallel  beam.  At  the  end  again 
is  conducted  magnetic  analysis.  Evidently  strong  change  in  the  fora 
with  a  change  in  the  size/diaension  of  counter  C.  Upon  the  achroaatic 
inclusion /connection,  cn  the  other  hand,  curve  of  ideal  adjustment 
prove  to  be  maximum  for  the  small  counter  and  scaewhat  less  than 
adjacent  curves  for  the  case  of  large  counter. 
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Fig.  3. 


Fig.  2.  Dependence  of  intensity  3»  of  that  recorded  by  counter  C,  on 
field  in  magnet  Bt.  Target  out  of  the  field  of  accelerator. 
Clearances  in  AK  and  £K  are  equal  to  +2  mm,  target  .+1.5  mm,  on  the 
horizontal,  counter  C  -  4  am.  1  -  target  on  the  axis/axle  of  system; 
2  -  target  are  displaced  by  XM  "  *  5  MM5  3“£g>aW)cltf ,  -  acceptance 

angle. 


Key;  (1) .  rad. 


Pig.  3.  Achromatic  magnetic  system.  On  the  vertical  line  the  beam  is 
always  focused  on  2  a  for  IS  and  to  counter  C  at=+0.25  rad, 
aa=+0.1825  rad,  clearance  in  AK  of  +.5  cm,  in  IK  -  *1.5  mm,  counter  C 
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3  an.  The  length  of  channel  is  29  a,  all  lenses  ML15,  96  cm. 


ai  2  -2  -/  o  /  2C,  m 

Pig.  4.  setup  curves  for  sjst&a  in  Pig.  3.  a)  achromatic 

aode/conditions;  b)  with  magnet  B3  after  Qs;  1-6  -  correspond  to  the 
constant  duty  of  the  first  objective;  Bt  =  1,  -0.5,  0,  +0.5,  +1.0,  +1-5 

B. 

Key:  (1).  rad. 

Page  56. 

13  created  impression,  that  on  the  basis  of  qualitative  concepts 
it  cannot  be  indicated  applicability  conditions  for  the  described 
■ethod  of  adjustment.  Ho never,  it  is  possible  that  with  the  eethod  of 
the  comparison  experimental  setup  curved  from  those  calculated  for  of 
the  given  conditions  it  is  possible  it  will  be  obtain  satisfaction 
sufficiently  precise  conclusions  about  the  adjustment  of  system. 
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103.  COMPUTER  SIMULATION  OF  A  SYSTEM  FOR  THE  SUPPRESSION  OF  THE  PHASE 
OSCILLATIONS  OF  THE  CENTERS  OF  CLUSTERS. 

B.  I.  Bondaryev,  B.  P.  Murin,  L.  Yu.  Solovyev. 

(Radio  engineering  institute  of  the  AS  USSR) . 

An  increase  in  energy  and  intensity  of  particles  at  the  output 
of  linear  accelerators  and  the  increased  regulreaents  for  the 
parameters  bean  caused  the  need  of  applying  the  new  principles  of  the 
autoaatic  control  of  aaplitudes  and  hf  phases  in  the  resonators.  The 
proposed  by  B.  P.  Murin  and  by  I.  Kh.  Nevyazhskiy  and 
developed/processed  in  the  radio  engineering  institute  AS  USSR  the 
system  of  the  automatic  correction  of  hf  accelerating  fields 
according  to  the  data  about  the  phase  of  the  centers  of  clusters 
(ARP-P)  makes  it  possible  to  remove  also  the  coherent  phase 
(longitudinal)  oscillations  of  clusters  in  bean  [1]. 

For  the  explanation  of  the  corrective  action  of  system  ARF-P  let 
us  examine  the  phase  plane  where  along  the  axes  of  abscissas  and 
ordinates  is  plotted/depcsited  the  shifts  of  the  center  of  cluster 
relative  to  synchronous  particle  on  the  phase  and  the 
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is pulse/aoaen tun/pulse  respectively.  Let  as  assuae  that  to  the 
specific  place  of  accelerator,  let  us  say,  at  the  H  resonator,  the 
canter  of  cluster  arrived  with  scee  disturbances/perturbations  of 
phase  69  and  speed  Phase  sensor  measures  value  6<9  and  is 

changed  the  phase  of  hf  field  in  the  resonator  to  value  -  The 
length  of  resonator  is  equal  to  (2n  +1)  j^/4,  where  *<tr  -  length  of 

phase  oscillations,  n=0,  1,  2:.  we  will  consider  that  the  resonator 
is  the  ideal  accelerating  structure. 

Page  57. 

Through  fourth  of  period  of  phase  oscillations  the  representative 
point,  moving  over  the  phase  trajectory  (ellipse  in  the  case  of  snail 
phase  oscillations),  will  be  displaced  after  flight /si an  by  the 
cluster  of  latter/last  resonator  into  the  point,  arranged/located  on 
the  axis/axle  of  abscissas.  The  second  phase  sensor  neasures  at  this 
nonent  shift  .69'  and  is  changed  phase  in  (N+1)  resonator  to  value  - 
3^1,  As  a  result  of  the  second  correction  the  representative  point 
falls  into  the  origin  of  coordinates  and  the  eotion  of  the  center  of 
cluster  ceases.  Virtually,  since  the  resonator  is  not  the  ideal 
accelerating  systea,  the  speed  of  the  center  of  cluster  will  differ 
soaewhat  from  ideal  computed  value. 


The  system  of  the  depression  of  the  phase  oscillations  of  the 
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centers  of  clusters  can  improve  the  monochromaticity  of  the  exit  beam 
of  linear  accelerator  in  such  a  case  when  the  basic  reason  for 
deterioration  in  the  monochromaticity  are  coherent  beam 
displacements.  However,  the  nonlinearity  of  longitudinal  oscillations 
can  lead  to  a  change  in  the  configuration  of  clusters  and  to  an 
increase  in  its  effective  phase  area.  In  this  case  the 
use/application  of  systems  of  the  depression  of  the  phase 
oscillations  of  the  centers  of  the  clusters  was  barely  effective  and 
unsuitable. 

In  connection  with  the  fact  that  the  linear  theory  does  not  make 
it  possible  to  determine  the  distortion  of  the  form  of  cluster  on  the 
phase  plane,  the  investigation  of  this  effect  was  carried  out  by  the 
method  of  a  probability-statistical  simulation  of  the  accelerating 
channel. 

The  mathematical  model  of  the  accelerating  channel  of  the  linear 
accelerator  of  protons  allows  (taking  into  account  nonlinearity  and 
nonconservatism  of  longitudinal  oscillations)  to  determine  particle 
trajectory  with  any  origin  coordinates  in  the  accelerating  channel 
whose  ideal  structure,  and  also  amplitudes  and  phases  of  accelerating 
fields  are  subjected  tc  random  disturbances.  With  the  aid  of  this 
model  it  is  possible  to  determine  the  trajectories  of  the 
sufficiency  large  collective  of  particles  and  to  calculate  the 
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sizes/diaensions  of  cluster,  the  scatter  of  speeds,  the  shift  of  the 
center  of  cluster,  particle  distribution  according  to  the  phases  and 
speeds,  etc.  Interaction  of  particles  with  each  other  is  not 
considered. 

For  the  statistical- probability  simulation  of  the  accelerating 
channel  is  utilized  the  aethod  of  Monte  Carlo.  On  coaputers  is 
siaulated  the  accelerating  channel  and  with  the  aid  of  the 
randoa-nuaber  transducers  are  iaitated  the  fluctuations  of  the 
parameters  of  HP  fields  and  error  both  production  and  to  arrangement 

t 

of  the  eleaents/cells  cf  the  accelerating  channel.  So  "is  reproduced1* 
cne  of  the  possible  realizations  of  channel,  which  then  with  the  aid 
of  the  si aula ting  program  "accelerates  particles",  with  the  aid  of 
the  new  set  of  randoa  numbers  is  reproduced  another  realization  of 
channel  which  also  "accelerates  particles"  and,  etc.  Particle 
distribution  at  the  output  of  many  accelerating  channels 
statistically  is  processed. 

For  the  siaulation  was  selected  the  long-wave  part  of  the  linear 
injector-accelerator  of  cybernetic  proton  synchrotron  [2].  Model 
consists  of  seven  resonators  with  the  drift  tubes,  which  work  on  the 
wavelength  1.5  a,  and  which  accelerate  protons  to  the  energy  200  NeV. 
Computed  value  of  synchronous  phase  is  selected  with  26°,  specific 
acceleration  2. 7»10”3. 

During  the  siaulation  were  considered  the  errors  in  the 
accelerating  channel,  given  in  the  table. 
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fioot-mean~square  magnitudes  of  error  in  the  production,  installation 
and  adjustment  of  the  accelerating  channel. 


f  HaitaeHoBaHHe  norpeuiHocnc 

n-Je/nniHHa 

riorpeiuHocTfe  amt  HU  peyoHBTopa,  % 

1,5.10"' 

lorpeuiHocTb  amtm>i  TpyCitH  apen- 
4>a,  % 

_2 

7-10 

norpeuiHocTb  H3Mep£mtH  armnhi  Tpy6KH 
apefttja,  % 

3-10"2 

norpeuiHocTb  ycraHOBKH  Tpy6KH  apeft- 
4a,  m 

3-10"3 

MacuiTa6Han  ouih6k3  yc  raHOEO«n;ofl 
pyaencH,  % 

2-lCf4 

6.  noi*p6U!Hocrb  aMnnHTynbi  cpeanero 

no nx  b  pe30saT0pe,  %  1 

7  HepaBHCMepHocrb  b.h.  ncaH  b  of>30H£- 

Tope,  %  1 

8,  Hskjioh  non*  anora.  peaoH«Topa,%  1 

9.  norpeuiHocTb  ycTaHoswi  4*3  ».i.  nons 

Memay  po30BaTop«Mji,  rpaa  _  1 

Key:  (a),  in  sequence,  (b).  Designation  of  error,  (c) .  Value.  (1). 
Error  in  length  of  rescnator,  o/c.  (2) .  Error  in  length  of  drift 
tube,  o/o.  (3) .  Error  cf  measurement  of  length  of  drift  tube,  o/o. 
(4).  Error  in  setting  up  of  drift  tube,  a.  (5).  Scale  error  for 
adjusting  tape  measure,  c/o.  (6) .  Error  in  amplitude  of  middle  field 
in  resonator,  o/o.  (7) .  Nonunif ormity  of  hf  field  in  resonator,  o/o. 
(8) .  Inclination/slope  of  field  along  resonator,  o/o.  (9) .  Error  in 
setting  up  of  phases  of  bf  field  between  resonators,  deg. 
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Fig.  1.  configurations  of  clusters  on  phase  plane  at  output  of 
accelerator  a)  value  of  errors  correspond  to  data*  given  in  table;  b) 
error  increased  two  tines;  c)  error  increased  four  tiaes;  snail 
circle  shoved  synchronous  particle. 

Page  58. 

These  tolerances  are  accepted  by  the  Soviet  strong-focusing 
accelerators.  Furthermore,  vere  investigated  the  randoa  realizations 
in  which  the  anplitudes  of  the  errors  increased  into  two  or  three  and 
even  tour  tines. 

Sinulation  shoved  that  with  the  allowances,  eg uar  or  it  is  twice 
nore  than  as  the  allowances,  given  in  the  table,,  the  forn  of  clusters  - 
on  the  phase  plane  differed  little  fron  the  elliptical,  and  their 
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cantars  of  gravity  were  arranged/locatad  near  from  the  synchronous 
particle.  With  further  increase  in  the  allowances  the  fora  of  cluster 
on  the  phase  plane  increasingly  less  reseabled  ellipse,  but  sonetiaes 
cluster  was  no  longer  ccapact  foraation/education.  Thus,  fear  apropos 
of  the  saearing  of  clusters  is  substantiated,  but  with  the  existing 
allowances  these  effects  do  not  appear,  and  systea  AHF-P  can 
effectively  work.  Fig.  1  for  an  exaaple  gives  several  characteristic 
configurations  of  cluster  witn  different  allowances. 

For  the  evaluation  of  effectiveness  in  the  work  of  the  system  of 
the  depression  of  the  phase  oscillations  of  the  centers  of  clusters 
the  latter  wa3  connected  with  the  model  of  the  accelerating  channel. 
The  simulating  program  imitated  the  action  of  this  systea,  and  at  the 
output  of  accelerator  were  obtained  particle  distributions  according 
to  the  phases  and  the  speeds  which  were  compared  with  particle 
distributions  in  the  uhsence  of  systea  AHF-P.  The  comparison  of  given 
in  Fig.  2  and  3  particle  distributions  shows  that  with  generally 
accepted  tolerances  the  systea  AHF-P  removes  50o/o  of  increase  in  the 
size/diaension  of  cluster  in  the  iapulses/aoaenta/pulses  and  80o/o  of 
increase  in  its  phase  width,  simulation  also  shoved  that  an  increase 
of  the  allowances  1.5-2  times  with  the  work  of  systea  AHF-P  virtually 
does  not  make  the  parameters  worse  of  exit  beaa. 
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Fig.  3. 


Pig.  2.  Particle- velocity  dis.tr ibutiona  (a)  and  phases  (b)  at  output 
of  accelerator  without  us*  of  systea  48P-P  (V-^>(P“Pa)/p#  -  deviation  of 
phase  and  particle  spaed  fro  a  phase  and  speed  of  synchronous 
particle;  Agw,Ap ha  -  phase  width  of  cluster  and  velocity  spread  in  it 
in  accelerating  channel  without  errors.  The  sizes/diaensions  of 
cluster  (A#  and  Ap/ps)  are  deterained  on  the  points  where  the 
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particle  density  is  equal  to  IQc/o  of  the  aaxisua  value  of  density, 


Key:  (1).  deg. 


Pig.  3.  Particle-velocity  distributions  (a)  and  phases  (b)  at  output 
of  accelerator  during  use  of  systea  ARF-p.  Designations  the  saae  as 
in  Fig.  2. 


Key:  (1).  deg. 
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104.  SOME  QUESTIONS  OF  THE  OPTICS  OF  A  BEAM  IN  THE  MULTISECTION 
LINEAR  2-GeV  ELECTRO  N  ACCELERATOR 

V.  I.  Arteaov,  I.  A.  Grishayev,  A.  S.  Dovbnya,  N.  I.  Mocheshnikov,  V 
V.  Petrenko. 

(Physiotechnical  institute  of  AS  UkSSR) . 

At  present  one  of  the  basic  tasks  of  the  developaent  of 
accelerators,  including  linear  electron  accelerators,  is  an 
iaproveaent  in  the  quality  of  the  accelerated  beaas.  For  this  is 
necessary  the  solution  of  nuaoer  of  questions  aaong  which  the 
significant  role  play  questions  of  optics  of  beaas  both  in  the 
accelerating  channel  and  in  different  systeas  of  foraation  and 
transportation  of  particles  on  the  target.  The  optical  properties  of 
the  accelerating  channel  of  linear  electron  accelerator  to  a  high 
degree  depend  on  different  perturbing  forces,  which  exist  on  the 
accelerator,  froa  the  properties  of  the  systeas  of  focusing  and 
transportation  of  the  bean  through  the  accelerator,  froa  the  quality 
of  the  injected  beam,  etc. 
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As  is  shown  analysis,  on  these  reasons  in  the  linear 
multisection  electron  accelerator  appears  connection/conmunication 
between  the  phase  and  transverse  aotion  of  beaa.  For  the  analysis  of 
the  dynamics  of  beaa  is  developed  the  prograa  omittance",  which  makes 
it  possible  to  obtain  the  results  of  the  investigation  by  the  method 
of  the  numerical  solution  of  the  eguations  of  electrons,  and  also  by 
the  method  of  the  setting  of  " aathaaatical  experiments*'  on  the 
computers  H-220  A. 

In  the  accelerator  to  the  energy  2  GeV  [1]  there  are  transverse 
electric  fields,  which  are  caused  by  the  dissymmetry  of  the 
introduction/input  of  high-frequency  power  into  the  accelerating 
section.  Struct urall y/ccnstruct urally  the  introduction/input  of  power 
is  accomplished/realized  in  the  horizontal  plane;  therefore  the 
action  of  cross  fields  in  essence  becomes  apparent  in  this  plane. 


Cress  field  in  the  matchers  out  of  phase  on  90°  reaches  0.13 
amplitude  values  of  accelerating  field  [2].  These  fields  exist  only 
in  the  short  sections  (to  3  cm) ,  but  with  a  large  quantity  of 
matchers  in  multisecticn  accelerator  the  action  of  cross  fields 
proves  to  be  essential. 


For  the  calculations  the  eaittance  of  the  injected  beaa  in  both 
planes  is  accepted  in  the  fora  cf  rectangle  with  the  sides  1  cm  and 
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1 • 1 0”2  rad  whose  area  encoapasses  raal  eaittance.  At  the  input  into 
the  accelerator  the  eaittance  fcr  different  phases  in  the  cluster  is 
accepted  identical. 

Pig.  1  shows  a  change  in  the  partial  eaittances  on  the  output  of 
accelerator  in  the  value  and  the  fore  for  the  particles  with  the 
different  phases.  Dotted  line  snowed  that  part  of  the  cluster  which 
is  lost  in  the  process  of  acceleration  as  a  result  of  the  fact  that 
the  coordinates  of  particles  outain  the  values*  which  exceed  the 
aperture  of  accelerator.  Depencuag  on  phase  partial  eaittance  at  the 
output  of  accelerator  is  displaced  froa  the  optical  axis  of 
accelerator,  which  leads  to  an  increase  in  the  effective  eaittance 

:v.kv0-|a,  (i) 

where  T0,  v  -  values  of  eaittance  at  input  and  output  of  accelerator* 
E0,  Eu  -  respectively  initial  and  final  values  of  energy;  k  - 
coefficient  of  an  increase*  which  appears  as  a  result  of  the 
separation  of  particles  cn  the  phases. 

In  our  case  of  k=3.  This  expression  allows  with  the  assigned 
magnitude  of  the  eaittance  of  bean  at  output  of  accelerator  to 
deter  nine  requirements  for  the  beaa  of  injector*  and  by  the  rational 
selection  of  colliaators  it  is  possible  to  substantially  iaprove  the 
paraaeters  of  beaa. 
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Tha  analysis  of  a  radial-phase  notion  shows  that  the  intense 
decreasa  of  the  phase  width  of  cluster  A*  occurs  to  the  20th  section, 
which  is  connected  with  an  increase  in  the  energy  of  the  accelerating 

bean.  The  f ull/total/conplete  width  of  phase  channel  does  not  exceed 

» 

30. 


Trajectory  calculation  in  a  x-  plane  for  the  particles  with  the 
different  values  of  phase  and  the  initial  conditions  x=0  and  •b*o=0 
shows  that  under  our  conditions  the  trajectories  are  well  divided  in 
the  region  of  the  20th  accelerating  section.  Here  the  dependence  of 
the  sizes/dinensions  of  beam  with  different  initial  conditions  on  the 
phase  takes  the  fora,  shown  in  Pig.  2.  This  can  be  utilized  for  the 
shortening  of  the  phase  width  of  cluster,  and  therefore  for  the 
nonochroeatization  by  a  Method  of  the  irising  of  bean  in  the 
horizontal  plane. 


!  -/,**  -f.o  -0,6  -0,2  a  0,2  06  t,0 

Fig.  1.  Eaittances  of  beaas  at  output  of  accelerator 


Kay:  (1) .  rad. 
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For  example,  the  setting  up  of  the  diaphraga  with  a  diaaeter  of  0.5 
ca  aates  it  possible  tc  reduce  the  phase  width  of  cluster  to  5°. 


Having  artificially  enforced  the  effect  of  separation,  it  is 
possible  to  create  conditions,  with  which  the  irising  proves  to  be 


possible  to  carry  out  with  the  snaller  energies  in  order  at  the  very 
beginning  of  accelerator  to  already  have  "pure/clean"  bean  with  a 
snail  phase  width  of  cluster.  , 

The  searches  of  the  accelerating  channel,  in  which  would  be 
accelerated  "pure/clean**  oean  with  saall  phase  duration  of  cluster, 
led  us  to  the  diagraa  which  was  shown  in  Fig.  3.  this  figure  shows 
envelope  of  particles  in  the  horizontal  (x)  and  vertical  (y)  planes, 
and  also  arrangeaent  of  aagnetic  guadrupole  lenses  and  colliaators 
fc»*  ^2*  ^  3 • 


The  electron  bean  of  injector  with  the  short  magnetic  lens  is 
focused  to  the  input  into  the  first  accelerating  section  where  is 
established/installed  colliaator  in  width  of  slot  0.26  cm.  Then  in 
the  horizontal  plane  by  the  first  two  guadrupole  lenses  bean  is  again 
focused.  Is  here  established/installed  colliaator  k2  in  width  of  slot 
0.3  co.  The  third  colliaator  in  width  of  slot  0.3  cn  is 
established/installed  in  the  20th  accelerating  section. 

Characteristic  feature  of  this  channel  consists  in  the  fact  that  for 
the  separation  of  particles  on  the  phases,  besides  cross  fields,  are 


ft**>FX  'r^''  Ww,  W<  >-<j-  -  x^v  •  ?**>  ^'l-^^Ti  KF  ^tVv? 
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utilized  the  lenses.  Separation  by  lenses  is  the  consequence  of 
chromatic  aberration  and  certain  relation  of  energy  of  particle  with 
its  phase  in  the  cluster. 


Practical  creation  of  the  accelerating  channel  with  the 
properties  examined  allowed  to  cbtain  beams  with  a  small  energy 
scatter.  Fig.  4  shows  the  energy  spectrum  of  the  accelerated 
electrons.  As  can  be  seen  from  figure,  energy  scatter  at  the  level 
0.5  of  intensity  does  not  exceed  1.5«10~3.  Characteristic  for  the 
shown  spectrum  is  the  absence  of  low-energy  tail,  which  considerably 
decreased  the  background  on  the  targets  and  the  activation  of  the 
parts  of  accelerator. 


The  given  spectrum  is  obtained  with  the  average/mean  output 
current  of  accelerator  0,33  pA,  which  is  2  times  less  than  the 
current  with  the  work  cf  the  accelerator  in  the  existed  previously 
standard  mode/conditions.  It  would  seem,  reduction  in  current  must 
occur  proportional  to  the  decrease  of  the  width  of  the  spectrum. 
However,  current  falls  acre  slowly  than  the  width  of  the  spectrum. 

However,  current  falls  more  slowly  than  the  width  of  the  spectrum.  Is 

explained  this  by  the  phase  compression  which  occurs  as  a  result  of 

the  close  coupling  of  transverse  motion  with  the  phase. 


The  measurement  of  emittance  at  the  output  of  accelerator  was 
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Bade  at  the  zero  level  of  tne  density  of  distribution  of  particles  on 
the  phase  plane  and  at  the  level  or  0.1  naxiaua  densities.  In  the 
first  case  the  value  of  eaittance  characterizes  lOOo/o  of  particles 
in  the  beaa,  in  the  second  case  -  90o/o.  The  results  of  Beasureaents 
showed  that  the  value  cf  the  horizontal  eaittance  of  beaa  in  the 
standard  Bode/co nditicrs  comprised  14.  4«  10"*a«rad  at  the  zero  level 
and  4 . 7* 1 O"7  a*rad  at  the  level  0.1.  After  the  setting  up  of 
colliaators  and  channel  checkup  -  respectively  S.SOO"7  and  1.75«10~7 
a* rad. 


In  the  real  accelerator  there  are  fluctuations  of  amplitude, 
phase  of  hf  field  and  current  of  the  accelerated  electrons.  Their 
effect  on  characteristics  of  beaa  can  be  essential. 


Fig.  2.  Dependence  on  sizes/dinensions  of  beaa  in  horizontal  plane 
fro*  phase  of  particle. 


Key:  (1).  deg. 

Pig.  3.  Optical  diagrai  and  envelope  of  particles  in  accelerator, 
nunber  of  section;  kt,  k3  -  collimators;  1,  2  -  quadrupole 
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Fig.  4.  Energy  spectra*  of  electrons. 

Key:  (1).  He?. 

Page  61. 

Pig.  5  shows  the  calculated  energy  spectra  of  electrons  at  the 
output  of  accelerator  for  the  cluster  with  extent  of  10°.  Along  the 
axis  of  ordinates  is  depcsited/fostponed  a  nunber  of  realizations 
with  this  energy  (axis/axle  of  abscissas).  Solid  lines  shoved  the 
"spectrun"  without  taking  into  account  f 1 actuations,  broken  -  taking 
into  account  the  fluct natrons.  As  can  be  seen  fron  figure, 
fluctuations  affect  the  spectrua  in  a  two-fold  Banner.  On  one  hand, 
the  spectrum  is  widened.  Thus,  width  in  basis/base  increases  3  tines. 
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On  the  other  hand,  the  energy  in  tae  naximua  of  the  spsctrua 
decreases. 

Besides  effect  on  the  energy  characteristics  of  beam, 
fluctuation  they  affect  also  its  optical  characteristics.  Calculation 
shows  that  in  the  idealized  case  the  horizontal  eaittance  of  beaa  is 
equal  to  5.  5*10~?  a*rad,  and  in  the  presence  of  fluctuations 
12.3*10”?  a*rad. 

Creation  on  the  accelerator  of  narrow  phase  channel  contributed 
to  iaproveaent  in  spectrua  and  optical  characteristics  of  beaa,  and 
also  to  developaent/detection,  and  then  to  the  elimination  of  the 
series/row  of  fluctuations. 
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Pig.  5.  Calculated  energy  spectra  of  electrons. 


Key:  (1)  .  rel.  un. 
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105.  OPTIMOB  INJECTION  OF  HELATI7ISTIC  PARTICLES  INTO  A  SYNCHROTRON, 

D.  G.  Borisov,  P.  Y.  Bcxayev,  A.  I.  Gryzlov,  7.  H.  Levin,  Yu.  P. 
Shchepin. 

(Scientific  research  institute  of  electrophysical  equipment  in.  D.  7. 
Yefremov)  . 

It  is  known  that  the  best  results  upon  the  particle  injection 
into  the  circular  accelerator  can  be  obtained,  when  energy  of  the 
injected  particles  changes  synchronously  with  the  building  up  in  the 
time  field  of  circular  accelerator  [ 1  ].  In  the  region  of  the 
nonralativistic  values  cf  energy  of  injection  this  problea  is  solved 
[2,  3].  However,  for  the  particles  with  the  relativistic  energy  task 
until  recently  was  not  solved. 

At  the  71  conference  of  the  physiotechnical  institute  of  AM 
OkrSSR  [h]  was  reported  the  aethod  of  aodulation  of  energy  of  the 
ralativistically  accelerated  particles  by  the  aethod  of  the 
transaission  of  the  clusters  through  the  section  of  the  septate 
waveguide,  in  which  were  excited  the  electroaagnetic  vibrations  with 
the  period,  lifferent  frca  the  repetition  period  of  clusters.  Hith 
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the  snail  difference  of  periods  occurs  the  steady  change  in  the 
energy  of  particles  frcn  one  cluster  to  the  next,  which  carries 
sinusoidal  character.  Thus,  in  the  principle  is  possible  the 
generation  of  bean  with  energy  that  increases  fron  one  cluster  to  the 
next,  i.e. ,  in  the  course  of  tiie. 

However,  the  use/application  of  the  septate  waveguide  for 
■odulation  of  energy  of  clusters  leads  in  the  interesting  us  case  to 
contradictory  results. 

Thus,  for  instance,  upon  the  injection  of  electrons  into  the 
Yerevan  synchrotron  on  6  GeV  and  during  the  use  as  the  aodulating 
energy  of  particles  section,  calculated  on  50  He 7,  it  is  possible  to 
modulate  energy  on  the  section  of  cosine  curve  in  the  region  of 
phases,  which  corresponds  to  the  character  of  a  change  in  the 
aagnetic  field  for  the  tine  of  particle  noaentue  (2  ps) ,  only  on  20 
Jce7  at  the  necessary  value  of  600  JteY.  The  atteept  to  sodulate  energy 
to  60  0  Ice 7  in  2  ps  due  to  a  cnange  in  phase  change  will  lead  to  the 
fact  that  the  modulation  curve  and  acceptance  are  radiated  in  the 
ziddle  part,  coinciding  only  at  the  ends/leads. 

However,  it  is  possible  to  utilize  for  nodulation  of  energy  of 


the  particles  „f  the  section  of  linear  induction  accelerator  [5]  in 
inductor  of  which  is  excited  vortex/eddy  electric  field  with  the 
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building  up  during  the  passage  of  particles  amplitude.  This  makes  it 
possible  to  preserve  optimum  conditions  for  the  capture  of 
relativistic  particles  during  entire  interval  of  injection. 

For  obtaining  building  up  in  the  tine  accelerating  voltage  in 
the  interaction  space  c£  field  with  the  bean  it  is  possible  to 
utilize  pulse  modulators  with  heterogeneous  forming  lines.  Pigure 
shows  the  oscillogram  of  the  building  up  impulse/momentum/pulse  of 
accelerating  voltage  a;  d  the  oscillogram  of  the  current,  flowing 
through  the  winding  of  inductor. 

Page  62. 

According  to  our  calculations,  grouped  into  the  clusters  and 
accelerated  in  the  septate  waveguide  to  the  energy  50  HeV  electrons 
it  is  necessary  to  introduce  into  the  induction  accelerator  by  length 
1.5  a  of  24  inductors,  connected  to  eight  pulse  modulators  in 
thickness  30  kW.  With  the  strength  of  field  at  the  end  of  the 
in pulse/momen tun/pulse  0.4*10*  V/m  can  be  obtained  an  energy  gain  600 
keV,  which  corresponds  tc  the  character  of  the  build-up  of  magnetic 
field  in  the  synchrotron  in  2  ^s. 
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Building  up  iapulse/acnentua/pulse  of  accelerating  voltage  and 
current,  flowing  through  the  winding  of  indoctor. 
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106.  THE  SUM  OP  THE  DEC SEME  NTS  CF  COHERENT  OSCILLATIONS  OF  A  BEAM  IN 
AN  ACCUMULATOR 

Ya.  S.  Derbenev,  N.  S.  Dikanskiy,  D.  7.  Pestrikov. 

(Institute  of  nuclear  physics  of  50  AN  USSR  [Siberian  Department  of 
the  Academy  of  Sciences  cf  the  USSR]). 

1»  As  is  known,  collective  interaction  of  beam  with  external 
system  (v.s.)  can  lead  tc  development  in  beam  of  instabilities, 
impeding  thereby  to  accumulation  of  high  currents.  Is  known 
series/row  the  method  of  attenuating  the  collective  oscillations.  In 
this  case  the  damping  devices  can  oe  conditionally  divided  into  the 
narrow-band  ones  (are  suppressed  the  separate  modes  of  collective 
notion)  and  the  broadband  ones  (the  so-called  systems  "without  the 
memory”),  with  the  aid  of  whicn  it  is  possible  to  simultaneously  damp 
many  modes.  The  concrete/specrf ic/actual  methods  of  attenuating  the 
collective  oscillations  of  bunched  beams  by  broadband  systems  were 
proposed  in  works  [1-4]. 

In  this  commuuication/report  are  discussed  sone 
general/comnon/total  aspects  of  interaction  of  beams  with  v.s.  in 
connection  with  the  tasxs  of  attenuating  the  collective  oscillations. 
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Basic  conclusion  is  the  possioility  in  principle  of  the  simultaneous 
depression  of  oscillations  according  to  all  oscillator  degrees  of 
freedom,  which  is  based  on  the  ootained  in  the  work  theorem  about  the 
sura  of  the  decrements1  cf  coherent  motion. 


FOOTNOTE  1 ,  By  decrement  we  will  understand  value  6=  -3mw,  when  the 
time  dependence  of  excitation  exp(-iwt).  ENDFGOTNOTB. 


2.  During  analysis  cf  stability  of  snail  collective  oscillations 
of  beam,  which  weakly  interacts  wtch  v.  s.,  it  is  convenient  to 
present  its  function  of  distribution  in  the  fora 

where  a  and  #  -  variable/alternating  action-phase  of  unperturbed 
motion.  By  definition,  in  the  absence  of  collective  oscillations 

and  ai:e  described  the  coherent  excitations  of  arbitrary  fora. 


Far  froa  the  machine  resonances  normal  oscillatory  node  f  takes 
the  fora  ...  .  . 


(2) 


where  .  The  smallness  of  interaction  assumes  that 

| aj-mi>Wi>|«  lm^ >  where  u0  -  frequencies  of  the  undisturbed,  and 

u,  -  frequency  of  revolution.  Applying  csfourier  analysis  to  the 
system  of  equations  of  Vlasov,  in  the  first  approxiaation,  of  the 
method  of  averaging  it  is  possible  to  obtain  equation  (C 


•VjS#  ***£  “ffJ^ '-'iX  'V  **■ 


DOC  =  80069305  PAGE  &r 


r  v  <j  _  (v^k)mj<  I^^(v^w)m,n?m 

(w-m:C0j)+  -e^w: -^r  2  — v  .  T - - — rS —  • 

v  wjm  '’03in,k  0)jt-(u)+nw0+ U^)2  (3) 


Here 


W, 


m,n 


2*/(^j  2* 

-$r  I  *  I '* 


(1st)' 


_,.»  -IncJot-inttfi 
a  “Ake  » 


o  o 

\(t-)  -  the  eigenfunctions  of  v.s. ,  which  satisfy  equation 
AAu+(u)^/ca)Aj,-0  and  gauging  condition  durAv^Q- 


Page  63. 


( 


The  energy  absorption  of  field  we  will  consider  phenomenologically  by 
the  introduction  of  the  internal  friction  of  the  oscillations  of 
field  Ah.  This  simplified  introduction  to  dissipation  is  done  here 
exclusively  for  the  clarity  of  the  presentation  (in  more  detail  see 
ia  [5  1). 


3.  System  of  equations  (5)  determines  spectrum  of  normal 
oscillatory  mode  of  system  bean  field.  It  is  not  difficult  to  show 
that  the  sun  of  the  decrements  of  full/total/complete  system  is  equal 
to  the  sun  of  the  decrements  of  the  oscillations  of  field  in  the 
absence  of  interaction.  However,  physical  interest  is  of  the  sum  of 
the  decrements  not  of  all  normal  modes,  but  only  those  in  which  is 
contained  basic  part  of  the  energy  of  collective  particle  motion  («*s. 
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Far  froa  resonances  G)k-mja>j,=  nu0  (in  the  sense  that  partial 
frequency  shifts  \Q-m,n\  auch  less  tnan  the  detuning  no)0U  of 

sua  on  n  and  ic  (3)  weakly  depend  on  a  precise  value  u.  Therefore  in 
the  nonresonant  case,  in  the  first  order  on  interaction*  u  in  right 
side  (3)  it  is  possible  to  replace  by  m-v o^.'Then  froa  (3),  according 
to  the  known  theorea  about  the  sub  of  characteristic  roots,  we  obtain 
the  sua  of  decrements  in  the  fora 


<.miTTL  (.vAh)  mn  L  .1,(4) 

wii~(wvc,>v+  nwo+  I 


where  N  -  number  of  particles,  brackets  <>  indicate  averaging  on  the 
enseable.  If  the  oscillation  spectrua  of  field  is  continuous,  then 
summation  over  k  in  (4)  oust  be  replaced  with  integration,  while 
at  6 — >-*-0. 


From  (4)  follows  that  for  faigh-Q  systems  (*k«  n>u->*u«  w0)  the  sua 
of  decrements  A  can  strongly  depend  on  detuning  nu>ol»  then,  as 

during  interaction  with  low-quality  v.  s.  (Ak»w0)  both  the  sum  of 
decrements  and  partial  decrements  weakly  they  depend  on  frequencies. 


By  direct  calculation  it  is  possible  to  be  convinced  of  the  fact 
that  the  sub  of  the  decrements  of  coherent  oscillations  (4)  coincides 
with  the  sub  of  the  decrements  cf  the  single  particles,  which 
interact:  with  v.s.  independently  of  each  other.  Of  this,  strictly, 
and  consists  the  confirmation  about  the  sum  of  the  decrements  of 

! 

i 

s 

! 


.  ...  .  . .  '  •  ^  ^?*¥S^!s5,,lr^^!SB^S!S!^3SS^ifr^-»^i^^ 
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collective  oscillations. 

In  connection  with  the  tasks  of  attenuation  by  broadband  systems 
(wk~mi>o)^  +  n(j0)  of  the  lcw-rreguency  oscillations,  not  suppressing  by 
scatter1  it  is  possible  to  foraulate  theorea  in  the  narrower  and  acre 
concrete/nor8  specific/acre  actual  sense,  after  leaving  in  right  side 
(4)  only  those  oscillations  which  effectively  interact  with  the 
low-frequency  oscillations  of  beaa. 

FOOTNOTE  1 .  In  this  theorea  tne  affect  of  scatter  is  not  considered, 
since  during  the  conclusion  of  theorem  actually  was  utilized 
assuaption  about  tha  discreteness  of  the  undisturbed  oscillation 
spectrua  of  beaa.  ENDFOCTNOIE. 

The  usefulness  of  the  formulated  above  confiraation  consists  in  the 
fact  that,  as  in  the  case  of  noncoherent  radiation,  for  the 
calculation  A  are  required  only  single- particle  characteristics. 

The  sua  of  decrements  (4)  can  be  written  also  in  the  fora 

33 ;  -  »  (5) 

A— N<-gj~> N<4i.TXpF(a,pft)> 

where  F  -  force  of  interaction  of  particles  with  the  induced  by  it 
field,  feature  indicates  averaging  along-  the  trajectory. 
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4.  Let  us  especially  emphasize  that  sum  of  decrements  as  partial 
decrements,  they  are  net  proportional  to  total  power  of  losses,  as  it 
takes  place,  for  exaapld,  for  incoherent  synchrotron  radiation 
Fc»-.Pv/ca.  Moreover,  it  is  possible  to  give  the  examples  when  the  sum 
of  decrements  is  obliged  to  the  excitation  of  v.s.  only  by  transverse 
vibrations  of  beam  ([2,  3,  5]).  Ehysically  this  is  connected  with  the 
fact  that  during  the  collective  interaction  indused  fields  are 
determined  not  only  particle  trajectory,  but  also  by  geometric 
properties  of  v.s. 

5.  In  this  connection  let  us  briefly  discuss  possibility  of 
effective  attenuation  ty  broad-band  v.s.  of  synchrotron  oscillations 
simultaneously  with  betatron  ones.  The  nontriviality  of  this  guestion 
is  connected  with  the  fact  that  the  instantaneous  power  of  coherent 
losses  weakly  depends,  or  completely  it  does  not  depend  on  energy  (in 
this  case  for  the  low- quality  systems  the  sum  of  decrements  is  mainly 
obliged  to  transverse  motion).  The  depression  of  phase  oscillations 
can  be  ensured  with  the  aid  of  a  radial- longitudinal 
connection/communicaticn,  utilizing  the  system  in  which  the  energy 
losses  depend  on  the  radial  position  of  particle.  In  this  case 
unavoidably  the  decrease  of  the  radial  decrement  (it  is  analogous 
with  the  case  of  noncoherent  radiation,  the  sun  of  decrements  (4)  for 
the  broadband  system,  but  linear  approxinaticn/approach,  does  not 
depend  on  radial-longitudinal  connection/communication  [5]).  This 
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decrease  can  be  compensated  by  the  special  broadband  system,  which 
does  not  contribute  decrement  into  the  axial  motion.  A  specific 
exaaple  of  this  method  of  attenuation  with  the  aid  of  the  systeas  of 
the  type  of  the  matched  lines  was  examined  in  [3], 
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107.  Dynamics  of  particle  acceleration  in  the  spectrometric 
cyclotron . 

Yu.  K.  Khokhlov. 

(Physical  institute  im.  P.  N.  Leneuev  of  the  AS  USSR)  . 

Under  the  theory  cf  trajectories  in  the  cyclocron  usually  is 
implied  the  theory  of  tne  closed  orbits,  which  exist  only  in  the 
absence  of  electric  field.  Haaawniie  there  is  a  series/row  of  the 
urgent  questions  for  solving  wa icq  is  necessary  the  more 
f ull/totaler/mor e  complete  dynamic  theory,  which  considers  both  the 
properties  of  trajectories  m  tne  magnetic  field  and  the  main 
effects,  connected  with  those  accelerating  for  slots.  One  of  the 
possible  ways  of  the  construction  of  this  theory  consists  of  the 
description  of  slots  by  means  of  tne  effective  boundary  conditions, 
assigned  on  the  middle  vertical  plane  of  slot.  In  the  lowest 
approximation/approach  the  slots  are  assumed/set  infinite- na rrow. 
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i.s,,  particle  motion  is  determined  by  the  aquation  of  the  form 


out  of  the  slots  an^  by  ooundary  conditions  of  the  typo 

Apa-0,  Ap„»^p+M2-Pa  *  &Pi=°  (la) 

on  the  slots,  (it  is  assumed  tnat  the  slots  are  arranged/locatad 
radially;  “X, 0, at  -  cylindrical  coordinates)  . 

oOtis  results,  whicn  relate  to  the  particle  trajectories  in  the 
isochronal  cyclotron  witn  sectioned  magnetic  system  can  oe  obtained 
from  system  (1)  and  (1®^  on  tn  ?  nasis  of  following  approach  [1-3], 

First  of  all,  is  introduced  t.ua  "oncept  of  the  ideal  trajectory, 
which  plays  the  role  of  natural  reference  point  for  others.  This 
trajectory  is  the  evenly  turnad/run  up  spiral  -  its  step/pitch  along 
any  radius,  considered  as  tne  function  of  speed,  does  not  have  usual 
oscillations/vibrations  with  frequency  'y**  Among  many 

trajectories  t=t(0),  differing  fro®  each  other  only  by 

initial  values  'lo>'lo  is  always  one  ideal  tu^(9),  att^(«)-  (We  select  9 
as  the  independent  variable  and  we  are  limited  cases  *-0.) 

Further  is  fulfilled  transition  from  the  equation  for  t  (0)  ,  ^(8) 
to  the  equations  for  the  small  dirferences 

tr(^)-t(8)-tu^(9),  oc£>)»  [rW-'tu^Wj  cos  q>(6) , 
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where  9  =  5(8)  -  the  generalized  azimuth;  -  the  angle,  determined 

from  tq  4)(^)“T't,^(0)/tuq.l®)  •  (Ideal  trajectory  it  here  belongs  to  the  same 
energy,  as  exarained/considcrad)  .  i’ne  obtained  in  the  linear 
approxiaation/approach  equations  and  boundary  conditions  take  the 
form: 

x w ,  — ^r(W>(2) 

where  x(9)  -  the  column,  comprised  of  r  ( 5)  ,  x(3),  x'(S);  G(  9)  ,  rW  - 
three-dimensional  mat rices/dias ,  determined  by  magnetic  field; 
elements/cells  312(9)  and  Gl3(9)  are  proportional  v'1;  j  -  number  of 
slot;  -  frequency  of  revolution  of  particle;  AH  -  energy  gain  on 
the  slot;  point  indicates  time  derivative. 

The  developed  .n  [2]  actianatic  method  of  solving  system  (2) 
makes  it  possible  to  express  X(3)  through  amplitude  and  phase  of  the 
three-dimensional  r epresentation  of  floquet.  The  latter  can  be  found 
with  the  aid  of  any  of  tne  xnovn  approximation  methods,  can  be  used 
the  stepped  model,  whicn  gives  the  responses/answers  in  the  form  of 
simple  analytical  formulas. 

Let  us  pause  at  some  results,  which  relate  to  energy 
distribution  in  the  bundle  of  pro jectsd/designed  spectrometr ic 
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cyclotron  [4].  This  cyclotron  nas  tour  45-degree  d^es, 
arrang^d/loca bed  in  the  opposite  gaps/intervals  between  the  magnetic 
sectors,  He  will  assume  tnat  tne  central  particle  of  cluster  moves 
over  the  ideal  trajectory  and  tnat  this  trajectory  absolutely  is 
isocnronous  both  in  the  "small"  and  in  the  "large"  (in  this  case  the 
closed  equilibrium  orbits  it  goes  without  saying  are  not  fully 
isochronous)  . 

The  potential  of  dee  is  written/recorded  in  tae  form 

OI  they  are  selected  so  that  ’J=0  at 

the  moment  of  the  passage  of  tne  central  particle  of  the  cluster 
through  the  bisector  of  d^a ;  q0,  gx  -  multiplicity  of  fundamental  and 
supplementary  harmonics.  By  sunstituting  in  U(t)  t(e)-tUQ(8)  +t(-&)  and 
by  taking  into  account  the  angular  size/diraension  of  dee,  we  will 
obtain 

AWW-AV*[1  (AW^-ThWXlVoOV 

(3> 

where  I,  II  -  numbers  of  input  and  exit  slits;  AH  -  nominal  energy 
gain  on  the  slot. 


An  energy  gain  per  revolution  comprises  for  one  particle 

consequently  after  summation  over  revolutions 


VWu$V8wk*>  ^WK-2AWI^<0H •  (4V 


f 


we  will  have 
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The  use/apolication  or  us  tn^ory  presented  makes  it  possible  to 
find  values  Te(i>j)  iS  tha  function  of  the  speed  t  and  to  perforin 
summation  over  t.  Finally  is  ontamad  the  expression,  which  defines 
8wKas  the  function  of  initial  values  tXe,*x,)  a*0>  of  the  given  ones 
on  the  oisector  of  adjacent  free  intermediate  sector.  The  explicit 
form  of  this  expression  without  taxing  into  account  the  difference 
between  the  values  r  in  the  free  and  in  the  occupied  with  dee 
intermediate  sectors,  is  given  m  i2]. 

Page  65. 

It  proves  to  be  that  contains  following  components/terms /addends: 
1)  growing  in  the  absolute  value  as  Cn(WK/Wn);  2)  decreasing 
approximately  as  k'l/z;  3}  oscillating  with  frequency  2st(Vx-i) ;4) 
constant. 

In  the  stepped  model  witn  «•  Kj/H,  »  o, 25  1,039)  taking  into 

account  the  mentioned  difference  oatween  th9  free  and  occupied 
intermediate  sectors,  loyaritamic  growing  component/term/addend  is 
equal  -to 

K.flor"  J^^^AW-0,203^(TKo+ 

-1  ,  vp  Wk 

+  0,938V'KoXK(j)en^-. 


(5) 
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With  !WK  =80  MeV,  WK#  =1  MaV,  4AH=305  keV,  *k0  =0,  =+-5°  we 

will  have  in  two  basic  versions 

,  ,  u\ 

^o-2i  Vs*  5wnor>±  1,34ka6; 

.  <9>  « 

(b)  ^-  3 ;  6 ;  *,«  i(V2-i) ; 

Key:  (1)  .  keV. 

Calculation  on  computers,  mads  for  the  version  (V)  in  work  [5] 
gives  5w  =  +-3.  5  keV,  while  tna  permissible  variations,  which 
corresponds  8W/W  =+'-0. 5«10”4,  composes  '5W  =+-4  keV. 

The  swept  aside  effect  (let  us  narae/call  its  logarithmic) 
actually  limits  the  theoretically  attainable  degree  of  the 
monochromaticity  of  bundle.  Tne  role  of  other  effects,  also  connected 
with  the  initial  sizes/uimensions  of  cluster,  under  the  made 
assumptions  is  not  so/sucn  jraat.  The  fact  that  during  calculations 
on  the  computers  theoretical  limit  (6)  was  not  achieved/reached,  can 
be  explained  both  by  the  inaccuracy  in  estimations  (6),  introduced  by 
stepped  model  and  by  seme  ractors,  which  differ  calculation  [5]  (not 
absolute  isochronism,  tnree-dimensional/space  separat^n  of  basic  and 
supplementary  dees,  etc.). 
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108.  Dependence  of  energy  scales*  at  the  output  of  linear  electron 
accelerator  on  stochastic  instabilities  of  its  parameters. 

G.  P.  Aver’yanov,  A.  V.  Nestero vica,  A.  V.  Shal’nov. 

(Moscow  physical  engineering  -nsticute) . 

The  energy  spectra  ci  linear  electron  accelerators  (LEU)  are 
determined  by  a  number  of  factors:  by  the  instability  of  parameters 
of  the  source  of  high-frequency  power,  by  a  change  in  the  temperature 
of  the  accelerating  waveguide,  oy  the  phase  width  of  cluster,  by 
particle  distribution  according  to  the  lensity,  etc. 

One  of  the  most  essential  factors,  which  cause  the  scatter  of 
particles  on  the  energies,  are  tua  frequency- phase  instabilities  of 
the  sources  of  high- frequency  power.  Usually  their  contribution  to 
the  g eneral/common/tctal  energy  scatter  of  bundle  is  evaluated 
according  to  formulas,  analogous  those  given  in  [1],  Such  estimations 
have  a  number  of  the  dexicienciss/iacks:  is  estimated  the  deficit  of 
energy,  but  not  a  change  in  tae  energy  spectrum,  and  so  it  is  not  the 
possible  to  rate/estimate  cue  contribution  of  the  frequency- phase 
instabilities,  which  are  cnanged  during  thp  impulse/momentum/puise. 


DOC 


BO  0693  06 


PAG2 


27/ 


The  latter  is  especially  important,  since  in  a  number  of  cases  [2] 
the  intra pulse  instabi lints  considerably  exceed  slow  frequency 
drifts. 

In  this  work  are  given  ana  ar  =  discussed  -he  results  of  the 
simulation  of  the  f ast- changing  frequency- phase  instabilities  by 
STsVI  ^digital  computer].  During  the  simulation  it  was 

assumed  that  in  the  accelerator  are  not  applied  the  special  measures 
for  an  improvement  in  tne  energy  spectrum  of  bundle.  As  the 
calculated  ones  were  utilised  the  parameters  of  the  sections  LSD 
DPTI  £  Ukrainian  Scientific  Research  Physicot-achnical 

Institute]  on  2  GaV,  since  the  supplies  of  power,  the  diagram  of 
phasing  and  synchronization,  and  also  parameters  of  the  accelerating 
sections  which  they  are  applied  on  this  accelerator,  are  typical  for 
this  class  of  installations. 

Let  us  assume  that  into  muxtisaction  L2(J  during  the  time 
interval  r  (duration  of  hig a- frequency  pulse)  is  injected  the 
sequence  of  the  clusters,  wmen  nave  the  specific  phase  width  and 
following  after  each  otner  througn  the  identical  time  intervals  T.  To 
the  entrance  of  each  section  is  supplied  the  high-frequency  power 
whose  frequency  changes  in  tne  time  randomly;  however,  its 
mathematical  expectation  i^  eguai  to  the  frequency  of  bunches,  and 
dispersion  («»f)2-(,5802  (8 J  -  allowance  for  a  change  in  the 


DOC  =  80069306 


?hGd 


prove  to  be  such  large  that  tae  particles  can  hit  the  region  of 
negative  half-wave.  In  via*  of  random  cnaracter  of  frequency 
instabilities  the  analytical  determination  of  the  energy  spectra  of 
bundle  is  difficult;  therefore  investigation  was  conducted 
numerically.  Simulation  was  conducted  under  the  simplifying 
assumptions.  Thus,  it  was  considered  tnat  the*  sections  of  accelerator 
are  ideally  phased  and  the  aisturbances/perturbations  of 

frequency  are  spread  with  tne  particle  speed.  In  view  of  a  larger 
quantity  of  clusters  ir.  tne  impuise/moinentum/pulse,  and  also  since 
the  time  of  flight  of  particles  in  the  waveguide  is  considerably  less 
than  the  period  of  frequency  fluctuations,  the  results  of  simulation 
weakly  depend  on  the  assumption  indicated. 

The  procedure  of  statistical  simulation  is  described  in 
sufficient  detail  in  the  literature  [3],  Let  us  note  that  for  the 
realization  of  simulation  is  necessary  the  a  priori  knowledge  of  the 
laws  of  the  distribution  or  instabilities.  As  it  follows  from  the 
investigation  of  the  intrapuise  instabilities  of  frequency  of 
klystrons  [2],  the  frequency-time  dependence  f  (t)  can  be  considered 
as  stationary  normal  ergcaic  ranaom  function  with  the  mathematical 
expectation,  equal  to  the  nominal  value  of  oscillator  frequency.  In 
this  case  the  function  (z)  is  ranacra  unsteady  ergodic  function  [4] 
with  the  mathematical  expectation,  equal  to  zero  and  by  the 
dispersion:  33^-2 P(.t-x)»  K4f(t)dt  wnere  ~  coefficient  of 


_.  ^  -  -«**■  '*>'■  J*<JT'> '\»9V^y •> <  v+«*w  -  ^  '.v  ’^*M«*|w»*JW30|^^  - 
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correlation  of  function  r°  (t)  .  its  definition  does  not.  cause 
fundamental  difficulties,  since  ror  this  purpose  they  can  be  used 
both  special  analyzing  instrument-correlators  [5]  and  different 
calculated  methods  [4], 


In  Fig.  1  it  is  shown,  as  cnanges  6<§  along  the  length  c 
ia  pulsa/moraentum/pulse  with  ®ai=0.1  MHz  (parameters  f  (t)  - 
experimental  [2]).  As  can  oe  seen  rrom  figure,  with  an  increase  in 
the  pulse  duration  it  is  mere  tnan  20  ms,  the  part  of  the  particles 
can  fall  into  the  decelerating  field.  But  also  in  the  smaller  pulse 
durations:  as  the  conseguence  or  tnis  effect  should  be  expected 
•essential  deterioration  in  tna  spectrum  of  particles.  Are  represented 
below  the  results  of  the  simulation  both  of  point  and  extended 
clusters.  Density  distribution  aiong  the  length  of  cluster  was  taken 
from  the  experimental  data  i.6J. 


Fig.  2  depicts  energy  spectra  during  the  impulse/momentura/pulse 
at  the  output  of  one  section  for  different  frequency  instabilities 
(cluster  was  considered  point)  . 


aa  iacraasa  in  the  duration  of  pulse 


Fiq.  2.  Dependence  of  energy  spectrum  3n  the  degree  of  frequency 
fixing,  (clusters  point) 

1-<5A*-  aotfNteufot -«"• );  2-0^-0,0^124(5*- V-10'6); 
3-Sa,*0,1M2u(6m-»3,3-10^); 

(a^J-S.a-^io"5; 

Key:  ( 1)  .  MHz . 
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Attention  is  drawn  to  the  ^res^nca  of  long  "lov-ensrgy"  in  the  region 
tails,  and  also  the  strong  dependence  of  the  form  of  the  spectrum  on 
the  value  of  frequency  instabilities. 


i  H 


Fig.  3  depicts  the  comparison  of  the  spectra  during  the 
impulsa/momsn tum/pulse  for  tne  case  of  point  (unbroken  curves)  and 
extended  (*-15°)  casters  witn  uifrerent  frequency  instabilities. 
From  the  f.i  jure  it  follows  that  the  noticeable  difference  in  the 
spectra  begins  to  appear  only  with  instability  of  supply  of  power 
^  =  10'6  and  it  is  less,  irfere  investigated  also  the  spectra  of 
multisection  accelerators.  Fig.  4  gives  the  spectra  of  the 
accelerators,  which  consist  of  different  quantity  of  sections  with 
the  different  values  of  frequency  instabilities.  Clusters  were 
considered  point.  From  the  figure  one  can  see  that  with  an  increase 
in  the  number  of  sections  tae  spectrum  becomes  narrower  and  more 
symmetrical.  The  average/mean  value  of  the  collected/composed  energy 
is  shifted/sheared  relative  to  tne  nominal  value  into  the  region  of 
lower  energies.  These  paenomena  will  agree  well  with  the  general 
considerations  of  the  prooaoiiity  theory  and  the  mechanism  of 
simulation. 


Thus  according  to  the  results  of  simulation  it  is  possible  to 
make  the  following  conclusions: 


1 
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1)  frequency-phase  iastaoriitiss  are  the  determining  factor, 
which  leads  to  deterioration  in  output  characteristics  of  bundle; 

2)  the  shortening  of  clusters  for  the  purpose  of  an  improvement 
in  output  characteristics  or  nundle  is  expedient  only  upon  reaching 
of  the  certain  degree  cf  frequency  fixing; 

3)  an  increase  in  the  duration  of  high-frequency  pulse  (with  the 
constancy  of  the  parameters  of  rreguency  instability)  leads  to  an 
increase  in  the  energy  scatter  or  particles. 


80069306 
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Fig.  3.  Comparison  of  spectra  of  point  (solid  lines)  and  extended 
(dotted  lines)  clusters.  Designations  the  same  as  in  Fig.  2. 

Fig,  4.  spectra  of.  multisaction  accelerators  dotted  lin9  -  «  A*  -0. 
MHz;  solid  line  -  =0.03  adz:  1  -  one  section;  2  -  ten  sections 


-  50  sections. 
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109.  Calculation  of  waveguide  ouncaers  with  the  increased 
requirements  for  the  characteristics  of  the  bundle  of  high-current 
linear  electron  accelerators. 

V.  N.  Golovin,  V.  N.  Podsnivalov,  N.  P.  Sobanin,  E.  Ya.  Shkol’nikcv. 

(Moscow  physical  engineering  institute)  . 

Waveguide  bunchers  witaout  tae  supplementary  dsvicas/equipment 
for  the  initial  formation  of  clusters  are  simple  in  the  production 
and  in  the  adjustment  and  nave  aign  reliability  in  operation  [1]. 
However,  the  calculation  or  sucn  ounchers  with  the  high  coefficient 
of  capture  and  with  the  necessary  phase-energy  distribution  presents 
considerable  difficulties.  Tasu  even  more  becomes  complicated,  if 
waveguide  buncher  is  intended  for  the  formation  of  high-current 
bundles,  since  questions  of  tas  account  of  load  by  ;ha  current  also 
of  space  charge  in  the  region  of  intense  phase  motion  did  not  obtain 
a  sufficient  development. . 

In  the  present  vorK  are  given  the  basic  conclusion/output, 
obtained  during  the  solution  of  questions  indicated  above  in 
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connection  with  the  creation  ox  waveguide  bunchers  for  the 
high-current  accelerators. 

Extreme  method  of  calculation  of  longitudinal  dynamics.  The 
use/application  of  extrema  calculation  methods  to  the  waveguide 
buncaers  makes  it  possible  to  considerably  reduce  time  of  the  search 
of  version  with  the  required  characteristics  of  bundle.  Let  us 
restrict  the  examination  oy  tac  case  of  the  minimization  of  exit 
energy  scatter  “  energy  of  electron,  in  reference  to  its  rest 

energy)  - 

F<X)- A3fK-  riK«a*~riKmuii 

where  n  -  quantity  of  "enlarged  molecules".  Scatter  is  the  function 
of  the  independent  variants  E0,  rix,  32,  n,  entering  the  expression 
of  phase  wave  velocity  (rdferrfcd  to  the  speed  of  light)  ; 

Expression  (2)  converts  function  £«>($>  into  the  finite-dimensional. 
Here  €  -  dimensionless  lengtn  of  accelerator. 

This  assignment  simplifies  checking  the  limitations, 

superimposed  on  the  function  and  substantially  decreases  a  quantity 
of  varied  independent  vanaoles.  A  quantity  of  input  "enlarged 
molecules"  of  n  is  determined  d y  tne  coefficient  of  capture,  by 
requirements  for  the  output  parameters  and  by  calculation  procedure. 
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L.et  us  define  extremum  as  function  JX^CI)  with  the 
prescrib ad/assigned  function  of  the  intensity/strength  of 
accelerating  field  6(£)  ana  at  r lxea/recorded  length  The  analytical 
expression  of  the  function  of  response  is  unknown;  therefore  is 
necessary  to  be  restricted  to  its  expression  in  the  form  of 
polynomials  [2].  According  to  tne  results  of  experiment  on  the 
computers  are  determineu  tne  selective  regression  coefficients  which 
after  standardization  are  utilized  for  determining  the  direction  of 
the  motion  of  search.  Tne  jiock  diagram  of  the  algorithm  of  the 
solution  of  problem  is  represented  in  Fig.  1. 

On  the  strength  of  tne  fact  tnat  the  form  of  the  function  of 
responce  is  unknown,  this  algor itnm  utilizes  for  the  acceleration  of 
the  speed  of  convergence  gradiant  method.  The  obtained  vector  of  the 
direction  of  the  fastest  descant  is  standardized,  which  makes  it 
possible  to  rapidly  pass  tne  regions,  distant  from  the  extremum.  This 
search  procedure  in  this  tasx  converges  fast  enough  (for  30-60 
iterations).  Thus,  in  tne  case  Ik*  12>6how=,2°  kV/cm,  &max  =100 
kV/cm,  coefficient  of  capture  <j=20o/o  is  obtained  an  improvement  in 
the  energy  spectrum  8  times.  In  tms  case  the  coefficients  of  formula 
(1)  are  equal  to:  Bo=0. 95462;  31=-0. 34684;  B2=0. 055446;  m=3. 00213. 

Account  of  load  by  current.  Tne  calculation  of  longitudinal 
dynamics  taking  into  account  tne  load  by  current  is  conducted 
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numerically.  Initial  bundle  is  aivided/marked  off  into  n  of  the 
elementary  bundles  each  of  wnicn  consists  of  the  well  grouped 
clusters,  which  follow  af'cor  aacn  other  with  the  frequency  of 
accelerating  field  u. 
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Kay:  (1),  Orthogonal  planning/g lading.  (2).  Object  of  optimization. 
(3).  Calculation  of  criterion.  (4).  Obtaining  gradient.  (5). 
Consumption/prod uction/generaticn  of  new  point.  (6)  .  Stop. 

Page  69. 


Is  solved  system  from  3n  the  differential  equations  of  the  type: 

deoi  i  dR\  -  _ 

it  0tRcos^, 

,  s  (3) 

difi  _2x(  i  fi  \ 

de  %  v**  Vr  ?  1  / 

^  (5r  “»*e- E  s.* « W  ( V  -ft))  - 


1 

I 


I 

i 

1 


1 


w*  •: 
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where  S^  ^  -  longitudinal  components  of  radiation  of  elementary 
beam;  a  -  fading,  R  -  series  resistance  of  waveguide,  Ioi  -  the 
averaga/mean  currant  of  tac  i  elementary  beam;  -  phase  of  i- 
beam;  x  -  wavelength  of  accelerating  field  in  the  free  space; 
relative  energy  of  the  i  oeaa;  &T  -  relative  energy  of  the  i  beam; 
&r -  accelerating  field  or  Outside  oscillator;  l  -  longitudinal 
coordinate. 


System  (1)  differs  from  tne  usual  equations  of  dynamics  in  terms 
of  the  fact  that  is  considered  the  field  of  the  study  of  beam.  In 
connection  with  this  the  equations  of  motion  of  separate  clusters  are 
not  divided. 


Fig.  2  gives  phase-energy  distributions  for  the  buncher  RTI  of 
the  A 5  USSR. 

For  the  comparison  tno  same  figure  gives  the  distribution, 
calculated  from  the  equation  of  the  balance  of  power  for  beam  [3]. 

Space-chaLge  effect.  In  cue  presence  of  the  forces  of  space 
charge  the  particle  motion  is  described  by  system  of  N  equations  (see 
[  1  ]) ,  where  N  -  number  of  separations  of  cluster.  Cluster  was 
divided/marked  off  either  into  tae  series/row  of  the  charged/loaded 
spheres  with  the  canters  on  ta<=  axis/axle  of  accelerator  or  to  the 
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series/row  of  the  ctiargsd/ioddsa  cylinders.  k  number  of  separations 
the  sizas/dimensions  of  spneras  or  cylinders  and  their  charge  be 
determined  by  the  form  of  cluster,  by  its  length  in  the  coordinate 
system,  connected  with  the  oearn,  and  with  the  variable/alternating 
bulk  density  of  charge.  During  this  simulation  of  cluster  the 
strength  of  the  field  of  eacn  =lement/ce 11  was  determined  from  the 
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Bksic  parameters  of  bunchers  RTI  of  AS  USSR  and  FTI  of  AS  UkSSR  ar 
given  in  table. 


Hin¬ 
ny  m>c- 

Hblft 

TOK,  a 

3Hep- 

r««f 

Mae 

ni, 

K.n.n., 

% 

£T 

Ha 

BOJIHbJ 

CM 

~FT 

Hd 

rpyn- 

nwpo- 

BaTe- 

JIfl,  M 

75T 1 

B.h. 

Mom- 

HOCTb, 

Mbt 

)K0HH0 

HWKGK- 

UIIH, 

K3B 

r—5T — 

ght  na- 

XBQTa, 

% 

<Pa39Baa 

npoTH- 

JKGHHOCTb 

crycTKa 

Ha  BbIXO— 

ae,  rpaa 

PTH 

AH 

CCCP 

1 

11.2 

55 

16,5 

2,22 

20 

120 

90 

15 

<t>TH 

AH 

yccp 

1 

11 

52 

10,7 

1.6 

18 

80 

100 

8 

Key:  (1).  Pulse  current,  A.  (2).  Energy,  Msv.  (3).  Efficiencies.  (4) 
Wavelength  cm.  (5).  Lengtn  of  ouncner,'  m.  (6).  V.  h.  power  HU.  (7). 
stress/voltage  of  injection,  KeV.  (8).  Coefficient  of  capture,  */Q  . 
(9) .  Phase  width  of  clusxar  on  output,  deg. 


Page  70. 

For  the  first  model  (clusters  in  tna  form  of  spheres) 

(4) 

where  £\.\  -  intensity/strangtn  of  field  j  -  eleraent/cell  in  the 

location  of  i-elemant/cell;  -  longitudinal  coordinates  of 

elements/cells;  T,?,Li  -  radii  and  lengths  of  eleraants/cells ; 


8... 
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-  spe«d  and  cnarjas  oi  aiements/cells.  Positive  sign 
corresponds  6j,>  ,  "minus"  -  corresponds  .  li<  • 

System  oi3N  equations  /as  realized  according  to  Runge-K utta 1 s 
method  cn  the  computers  tt-2o.  A  number  of  separations  and  a  model 
were  established/insta lieu  separately  for  each  case. 

In  Fig.  3  dotted  lines  aepicted  the  phase-energy  spectra  for  the 
bunehers  2TI  of  the  AS  OSSR  and  FIX  of  AS  OkSSR  with  current  1  and 
taking  into  account  the  space  ccarge  (solid  line  -  without  the 
account).  With  calculation  w»ra  selected  N=30,  ths  first  model  and 
i  =3  and  5  mm  respectively,  it  is  obvious,  the  account  of  space 
charge  with  the  current  into  1  and  little  affects  the  characteristics 
of  beam,  since  the  forces  ox  interaction  in  the  bunchor  are  weakened 
by  factor  1-p2. 


r  •  -syjryjgr 


C  =  30069306 


FAGE  Ji.9J 


O'/  0,5  0,S  H7  f,pad  0,5  05  n7  05  05 

Pig.  3.  Phase-energy  distriounon  for  the  bunchers  of  FTI  of  AS  UkSSR 
(a),  3TI  of  the  AS  USSR  (u)  . 


Key:  ( 1) .  rad. 
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110.  Effect  of  the  nigh-frs iUancy  rield  of  the  waveguide  accelerating 
systems  by  the  particle  motion  in  the  accelerators  to  the  superhigh 
energies. 

A.  N.  Didenko,  V.  K.  Conan,  G.  ?.  Fomenko. 

(Scientific  research  institute  of  nuclear  physics  with  by  Tomsk 
polytechnic  institute)  . 

Recently  widely  is  investigated  a  question  about  the  possibility 
of  applying  the  waveguide  accelerating  sections  in  the  cyclic 
accelerators  to  the  supermgh  energies.  Thus,  in  [1]  it  is  proposed 
to  utilize  waveguide  sections  as  tae  accelerating  systems  of 
electron-positron  accelerator  on  100  GeV.  It  is  proposed  to  use  to 
waveguide  section,  also,  in  one  of  the  versions  of  the  accelerating 
system  of  the  cybernetic  accelerator  of  protons  to  the  energy  1000 
GeV  [  2  ]. 

"fha  special  f eature/peculiancy  of  the  use  of  waveguide  sections 
in  this  case  is  the  fact  tnat  tha  frequency  of  accelerating  field 
must  be  modulated  in  the  process  of  acceleration.  This  leads  to  the 
slip  of  field  relative  to  particles  in  the  process  of  acceleration. 
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The  consequence  of  this  is  tne  za.cz  that  the  optimum  accelerating 
sections  will  be  such,  in  wmcn  tne  HF  field  has  in  general  all  6 
components  of  field.  As  1:  was  snown  in  [3],  such  fields  lead  to 
connection/communicaticn  of  netatron  oscillations  noth  between 
themselves  and  to  connection/communicati on  with  the  phase 
oscillations.  Appearing  in  this  case  additions  to  the  betatron 
oscillations  will  be  inversely  proportional  to  energy  of  particles, 
and,  thus,  they  change  in  tne  time  according  to  the  specific  law. 

This  leads  to  the  fact  mat  in  tne  process  of  acceleration  the 
operating  point  completes  motion  on  the  diagram  of  resonances  and  in 
view  of  this  can  pass  tnrougn  some  of  them. 

Page  71. 

Therefore  it  is  of  interest  to  examine  particle  motion  in  the 
accelerator,  as  the  accelerating  aiament/cell  in  which  serves 
waveguide  section,  and  to  investigate  the  effect  of  HF  field  for  this 
motion.  He  will  solve  prcolem,  writing/recording  separately  equations 
of  motion  in  the  straignt  portion  with  a  length  of  L,  where  is 
arr anged/located  the  accelerating  section,  and  in  the  sections  of  the 
element/cell  of  the  periodicity  where  there  is  no  HF  field.  In  [4.5] 
it  is  shown  that  the  structure,  close  to  the  optimum,  will  be  a 
system  of  the  type  of  douole-row  stairs  iu  the  circular  waveguide.  He 
showed  that  approximately  tne  components  of  the  field  of  the  cophasal 
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symmetrical  wave  which  they  are  omy  and  of  interest,  in  the 
rectangular  coordinate  system  (y  is  directed  along  the  axis  of 
waveguide)  they  take  the  rollowing  form: 

V  6»eo»  X  *  °h  X  *  cos  (wt  ■ “  X  0  * 

Ex~  "  Emcos  X  1  sh  X x  sln (wt  “  X  0’ 

_  .  2at  ,  2it  /  2at  \  * 1  * 

VEmsir,T2‘hT#C09r"T^ 

_  .  2ir  .  2at  ,  /  .  2i r  \ 

hx-  -  Emstn xa  ch  X  x  8^^"  X  V’ 

Es-H,»0. 

Equations  of  motion  in  these  fields  in  the  linear 
approximation/approach  are  divided  on  x  and  y.  For  the  magnetic 
structure,  selected  in  the  radio  engineering  institute  of  the  AS  USSR 
for  the  synchrotron  to  1000  GeV,  equations  of  motion  for  any  section 
of  the  elament/cell  of  periodicity  it  is  possible  now  to  present  in 
the  following  form: 

*(>*)- °,  <2> 


where  X(y)  represents  eitaer  radial  or  vertical  displacement,  and 
k(y)  satisfies  periodicity  condition  and  equally  respectively: 


k 


0  -  k»  npHMonjmeflHOM  ynac-ftce, 


„  »  &» 

£  — —  -  s  xBaapynonbRbix  mnoax, 

V  <51 

-pT  -  B  MBOpaMIUWUOUOOC  MATHXTaX,. 


BomioBoaKux  cexuHstx. 


Key:  (1).  in  the  straight  portion.  (2).  in  quadrupole  lenses.  (3) 
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turning  up  magnets.  (4).  in  waveguide  sections. 

Here  5  -  gradient  of  magnetic  field  in  the  lenses;  p  -  radius  of 
curvature  of  orbit;  B  -  maximum  induction  of  magnetic  field;  ¥«  and 
Ss  -  equilibrium  phase  ana  energy  of  particle.  Solving  equations  (2), 
we  will  obtain  the  matncas/dius,  «hich  describe  particle  motion  in 
any  section  of  the  elemenn/cail  or  periodicity.  The 

general/common/total  matrix/die  of  transition  will  be  the  product  of 
these  matrices/dies  and  ir  it  is  possible  to  represent  in  the  form 


where  a,  p  and  y  -  known  cnaracrsristics  of  betatron  oscillations. 
We  examined  2  versions  of  me  iocarion  of  the  magnetic  periods: 


1)  magnetic  periods  wi-cn  me  waveguide  accelerating  sections 
evenly  distributed  in  tne  circumference  of  accelerator.  Matricas/dies 
M  in  this  case  take  the  form: 

Ha-{0(4)TrC0^s)T^‘0<e6^1,oce)T^[p<e6>T^(f^TFo(i^j^ 

.  *{o(!-)TF[o(€B)Tj8o(e6)TDo(e)TD8xTFo(|:)} . 
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Fig.  1.  Diagram  of  rescaancas  and  motion  of  the  operating  point  of 
accelerator. 


Page  72. 

The  results  of  calculation  are  given  in  Fig.  1.2.  Fig.  1  depicts  the 
'■..cam  of  resonances  and  is  sacvn  the  motion  of  operating  point  in 
the  accelerator.  From  the  fiyure  one  can  see  that  with  a  change  in 
the  energy  the  operating  point  the  secants  of  the  resonances  of  the 
3rd,  hth  and  higher  order  and  witn  the  high  energies  (-500-1000  GeV) 
it  approaches  its  position  witncut  the  waveguide  section.  Fig.  2 
shows  divergences  a,  0,  7  (solid  lines)  from  the  appropriate  values 
without  the  waveguide  section  (oroxen) .  For  the  illustration  are 
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given  only  the  characteristics  or  radial  oscillations  for  one  section 
of  the  *lement/cell  of  periodicity.  Calculations  show  that  the 
waveguide  sections  change  maximum  value  £  approximately/e xemplarily 
on  7-Qo/q  for  the  bouncing  and  aoout  5o/o  for  the  radial  ones.  The 
same  picture  is  observed  also  in  tne  case  of  the  nonuniforra  location 
of  the  magnetic  periods  witn  tne  waveguide  sections. 


Additions  to  a,  {5,  y  and  p  are  the  functions  of  time  and, 
apparently,  any  changes  in  the  magnetic  system  cannot  compensate 
those  effects  which  introduces  tna  waveguide  structure.  Therefore  we 
examined  the  possibility  of  eliminating  these  effects  due  to  the 
location  of  waveguide  sections.  If  we  arrange  waveguide  sections  so 
as  to  adjacent  sections  would  ue  turned  friend  from  carrier  the 
friend  on  90°  (system  cf  the  type  "waveguide  quadrupole")  ,  then  the 
appearing  supplementary  resonances  have  very  high  order  (the  5th  and 
more) ,  which  are  not  danyarous,  out  additions  to  values  a,  p,  and  7 
do  not  exceed  1-2c/o. 
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111.  interaction  of  beam  with  the  transverse  waves  in  the  periodic 
structures  of  high-current  iinear  electron  accelerators. 


I.  A.  Grishaev,  G.  D.  Kramskoy,  A.  I.  Zykov,  G.  L.  Fursov. 


(physicotechmcal  institute  of  tne  AS  USSR)  . 


To  the  investigation  of  tne  '•shortening”  of  make  pulse  in  the 
linear  electron  accelerators  are  dedicated  experimental  [1-9]  and 
theoretical  works  [10-15],  in  whicn  it  is  established/installed,  that 
the  reason  for  this  effect  is  tna  3xcitation  by  beam  in  the  periodic 
structure  of  accelerator,  uesides  wave  30l,  hybrid  (transverse) 
waves,  in  particular  waves  Kiln,  wnich  act  on  beam, 
de flacting/diverting  it  in  tne  transverse  direction. 


Critical  (threshold  or  maximum)  current  I*p  is  inversely 
proportional  to  the  duration  of  maxe  pulse  and  to  the  length  of 
accelerator,  and  also  it  depends  on  the  geometry  of  waveguide, 
quality  at  the  defocusing  mode,  the  group  velocity,  the  focusing 
field.  As  shown  in  [3,.  4  ]  ihp  in  tne  multisection  accelerators 
substantially  less  than  in  the  accalarators,  which  consist  of  one 
section,  the  mechanism  of  tne  development  of  the  lateral  instability 
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with  the  high  energies  and  the  puise  currents  several  ten 
milliamperes  carries  cumulative  character  [5],  while  in 
single-section  tnediu  m-energ/s  accelerator  and  currents  in  several 
hundred  railliampares  instability  nas  regenerative  character. 

Page  73. 

In  [10-12]  it  is  assumed  that  the  amplitude  of  the  excited  by 

the  grouped  electron  beam  is  axial-asymmetric  wave  EHX1  with 
» 

V(j«ve»c  is  proportional  to  tne  radial  displacement  of  part  or 
clusters.  The  field  of  this  wave  is  represented  by  the  superposition 
of  radiation  fields  all  earlier  flown  clusters  and  builds  up  in  the 
time. 

As  the  final  result,  tne  solution  of  equations  of  motion, 
accordingly  [  10-12]  leads  to  tne  exponential  expression  for  the 
transverse  displacement  of  clustars  at  the  output  of  linear 
accelerator,  which  applicably  ootn  in  the  case  of  cumulative  and 


regenerative  instability  taxes  the  form 

^  -  ‘  ~~ 

v 


(1) 


where  '*n  -  the  transverse  displacement  of  n-th  cluster;  which 
corresponds  to  the  moment/torgue  of  time  t  from  the  beginning  of 
injection,  x0  -  initial  divergence,  P  -  coefficient  characterizing 


4 

/  4 

u 

ii 

4 


Cl 


structure  both  the  parameters  of  accelerator  and  that  expressing,  in 


DOC  =  30069306 


FAGS 


particular,  accordingly  j_  1 1  j  in  the  form 

Vi 


vLf.LfnL 

2d  t 


JTo 


where  c« -~r  —  -^r~ at  -  transverse  shunt  resistance;  - 

effective  length  of  interaction  of  beam  with  wave  L  -  the  distance 
between  the  interaction  regions;  I0  -  beam  current;  Q  -  quality  of 
structure;  w=2irf11  -  frequency;  t  -  time;**  -  longitudinal 
coordinate;  y0,y  -  initial  and  final  energy  of  electron  in  unity 
m0c2;  e  -  electron  charge;  c  -  speed  of  light. 


Expression  (1)  in  wonc  [11]  is  obtained,  on  the  basis  of  the 
model,  on  which  multisection  accelerator  with  the  sections  of 
variabla/altarnating  structure,  represented  by  the  sequence  of  the 
single  resonators,  beam  induced  at  the  frequency  of  hybrid  mode  ftl, 
moreover  the  excited  level  of  resonators  is  proportional  to  the 
transverse  coordinate  of  particle  or  cluster  x  and  as  a  result  of 
effect  on  the  beam  of  the  excited  resonator  in  beam  appears  certain 
structure  in  the  transverse  direction,  so  that  x  will  be  modulated 
with  the  frequency,  close  to  fix. 


Tha  source  of  initial  disturbances  (particle  displacements  from 
the  axis/axle)  can  be  snot  noises  m  the  beam,  collision  excitation 

4 

due  to  inaccuracies  in  tha  setting  up,  thermal  noises  in  the 
sections,  noise  or  parasitic  signals  from  the  klystrons,  electrical 
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discharges  ir.  the  strong  idp  fields,  ate. 

Available  exper imentai  data  on  make  it  possible  to  make  a 
single-valued  conclusicn  anouc  which  of  the  sources  of  initial 
driving  is  more  important. 

Thus,  as  the  basis  of  tneoretica.l  examination  in  the  mentioned 
works  they  are  placed  two  assumption: 

1)  the  proportionality  of  tna  amplitude  of  the  induced  by  beam 
signals  on  wave  EHtl  he  the  transverse  displacement  of  particles  or 
clusters  and 

2)  tha  need  for  initial  disturbance/perturbation  or  transverse 
displacement  of  particles  (cluster;  x  for  the  development  of 
instability  when  the  remaining  parameters  of  accelerator  are  such, 
that  it  can  be  developed.  One  snouxd  emphasize  that  the  validity  of 
these  positions  did  not  directly  undergo  experimental  check. 

In  the  present  vorx  was  undertaken  the  attempt  measure  the 
parameters  of  instability  at  tne  varied  conditions  for  passage  and 
interaction  of  beam  witn  ttj  periodic  structure  of  accelerator. 

* 

tfece  Investigated  depeadancesIKp>  of  amplitude  and  frequency  of 
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the  induced  by  beam  signals  on  nave  EHtl  and  EH2l,  the  coefficients 
of  cluster  amplification  on  a  cnanga  in  the  following  parameters: 

1)  the  initial  transverse  displacement  of  beam  as  whole  relative 
to  the  axis/axle  of  the  saptato  waveguide; 

2)  the  quality  of  the  septate  waveguide  on  wave  EHtl; 

3)  the  longitudinal  focusing  magnetic  field  of  solenoid; 

4)  the  diameter  of  tn*=  injected  into  the  accelerator  beam; 

5)  the  agreement  of  taa  end  davices/equipment  of  the  septate 
waveguid  3. 

Experimental  setting  up  and  procedure. 

The  schematic  of  experimental  installation  is  shown  in  Fig.  1. 
Electron  beam  from  the  injector  with  the  energy  in  the  maximum  of  the 
spectrum  5.5  ae7  was  carried  out  tnrough  the  septate  waveguide  with  a 
lsngch  of  2.5  m  without  taa  introauction/input  into  it  of  power  at 
the  operating  frequency  f01=2797  Adz,  i. e. ,  without  the  acceleration. 
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Fig.  1,  Schematic  of  e xperimeniiai  installation.  1  -  electron  gun;  2  - 
matching  transitions,  3  -  injector  section;  4  -  load;  5  - 
interchangeable  collimator ;  6-  investigated  septate  waveguide;  7  - 
focusing  solenoid;  8  -  faraday  cylinder;  9  *  the  glass  plate;  10  - 
waveguid i  transition  from  72x34  mm  to  48x24  mm;  13  -  waveguide  48-24 
mm;  14  -  waveguide  T- joint  72x34  ana;  15  -  load;  16  -  calibrated 
attenuators;  17  -  measuring  receiver;  18  -  oscillograph;  19  -  SHF 
oscillator;  20  -  Generator  of  impuises/momsnta/pulses ;  KIU  -  klystron 
pulse  amplifier. 


Page  74. 

Structurally  the  diapnragui  waveguide  vas  carried  out 
dismountable  and  consisted  of  5  sunsections  with  the  flange  joints 
and  rubber  seals  on  the  ends/leads  of  the  subsections. 
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At  tn-e  outDut  of  electron  coauuctor  (after  the  exit  matcher  of 
the  diaphragm  waveguide)  was  istanlished/installed  the  faraday 
cylinder  with  the  the  measuring  screen-flag  for  the  survey  of  form 
and  position  of  beam  with  -cue  aid  of  the  television  camera,  which 
terminates  by  steel  cap  with  me  mrninq  in  the  center  section  in 
diameter  of  UO  mm  and  thickness  of  walls  0.15  mm,  which  made  it 
possible  to  obtain  the  impressions  of  beam  shape  with  the  aid  of  the 
glass  plates,  adjusted  on  me  external  wall  of  cap. 

At  the  input  and  outlet  ands  of  the  diaphragm  waveguide  they 
were  established/installed  matching  junctions  to  rectangular 
waveguiles  72x34  mm,  on  which  entered  the  HF  signals,  induced  by  beam 
and  supplied  from  the  external  oscillator.  Input  rectangular 
waveguide  72xT4  mm  concluded  wim  transition  section  by  the  waveguide 
48x24  of  mm  whose  designation/purposa  consisted  of  the  filtration  of 

3.7?7 

the  signal,  induced  by  beam  at  the  fundamental  frequency  of  WfTZ  MHz. 

Exit  rectangular  waveguide  72x34  mm  concluded  with  the  specially 
matched  T-joint,  to  cne  cf  arms  of  which  was  connected  the  load  for 
absorbing  the  signal  of  fundamental  wave,  and  to  the  other  - 
rectangular  waveguide  by  me  sizes/dimensions  48x24  of  mm.  The  vacuum 
seals  between  the  basic  waveguide  channels  and  the  septate  waveguide 
with  the  matchers  it  was  accoiapiisned/realized  with  the  aid  of  the 
teflon  partitions  with  a  tnicxnass  of  4  mm,  establishod/inst ailed  in 
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Th=  septate  waveguide  and  tna  focusing  solenoid  ware 
established/installed  cn  frame  and  they  ware  adjusted  independently 
with  the  aid  of  the  regulating  devices.  The  adjustment  of  solenoid 
and  section  relative  tc  tne  axis/axle  of  the  injected  into  the 
section  bundle  from  the  injector  was  checked  with  the  aid  of 
television  camera  and  fixing  of  the  impressions  of  beam  on  the  glass 
plates.  The  adjustment  cf  solenoid  was  considered  finished,  when  the 
depart ure/attendance  of  canter  -witn  an  increase  in  the  field  from  0 
to  400  e  did  not  exceed  +-J  mm.  These  beam  displacements  in  the 
measurements  were  compensated  for  each  of  the  values  of  magnetic 
field  by  the  system  of  the  correction,  arranged/located  on  the 
septate  waveguide.  The  alignment  accuracy  of  beam  on  the  axis/axle  of 
waveguide  was  +-0.5  mm. 

At  the  entrance  of  tne  septate  waveguide  was 
established/installed  tne  remotely/distance  adjustable  collimator 
with  the  sat  of  openings/apertures  (precision/accuracy  of  their 
setting  up  to  the  axis/axle  +-0.2  mm). 

Signal  from  beam  at  frequency  flt  came  from  the  entrance  of 
section  into  the  measuring  receivar  P5-5  and  was  observed  on  the 
oscilloscope  face  Si-13.  Signal  £01  did  not  fall  into  ths  receiver. 
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being  reflected  from  the  fiizar  -  the  long  section  of  waveguide  48x24 
mm . 


Ths  measurement  of  signal  amplitude  was  achieved  with  the  aid  of 
the  calibrated  attenuators  at  tne  entrance  of  receiver. 

High-frequency  oscillate connected  to  the  output  of  section, 
served  as  the  external  scarce  of  excitation  in  the  septate  waveguide 
of  oscillations  in  the  range  3700-4100  Li  Hz.  The  passed  through  th<=> 
section  signal  from  G3-23  also  came  on  P5-5  and  was  observed  on 
SI-13. 


Pulse  generator  G5-15  made  it  possible  to  smoothly  regulate  the 
moraent/torque  of  start iny/launcning  G3-23  and  to  see  on  oscillograph 
the  combined  or  displaced  m  taa  time  signals  from  the  oeam  and 
G3-23. 


The  beginning  of  "shortening"  was  determined  on  the  oscillogram 
of  currant  pulse  from  the  raraday  cylinder  and  in  form  and  amplitude 
of  the  oscillogram  of  the  signal,  induced  by  beam  at  frequency  fM. 

Initial  beam  displacement. 

The  axis/axle  of  the  oundie,  injected  into  the  septate 
waveguide,  was  displaced  relative  to  the  axis/axle  of  the  latter  in 
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the  horizontal  and  vertical  directions  in  the  limits  +-(12*— 0.5)  ram 
by  displacing  the  frame,  rigidly  connected  with  the  waveguide.  The 
obtained  displacement  was  iixca/recorded  on  the  impressions  of  beam 
on  the  glass  plates.  The  diameter  of  the  injected  bundle  was 
regulated  by  remot e/ distance  collimator  at  the  entrance  and  comprised 
in  these  measurements  1  and  2  mm. 

Full/total/complete  input  divergence  of  beam  from  the  injector 
composed  3-10*3  for  lOGo/o  of  particles;  however,  the  diameter  of 
beam  at  output  in  which  it  is  contained  by  80o/o  of  particles,  it  did 
not  exceed  8  mm  with  the  diameter  at  the  entrance  1  ram,  so  that 
maximum  divergence  for  BOo/o  or  particles  did  not  exceed  1*1  O'*3. 

Were  measured  dependdUC9st'Inp, of  the  amplitudes  of  the  induced  by 
bundle  signals  on  waves  EH; ;  and  EH21  and  the  amplification  factors 
by  the  bundle  of  the  signals  of  external  oscillator  on  the 
displacement  of  the  axis/axie  of  bundle  relative  to  waveguide  in  the 
horizontal  and  vertical  directions. 
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Pig.  3. 


Fig.  2.  Dependence  Ik#  and  amplitude  of  induced  signal  U  on  wave  BHU 
on  beam  displacement  relative  re  axis/axle  of  waveguide.  Diameter  of 
collimator  2  mm. 


Key:  (1)  .  mA, 

Fig.  3.  Dependence  of  coefriciant  of  cluster  amplification  kxl  on 
wave  Eff|i  with  coincidence  of  oe. am  bursts  and  generator  on  beam 
displacement  relative  tc  axis/axle  of  waveguide. 

Key:  (1)  .  dB.  (2)  .  m A. 

Page  75. 

Pig.  2  shows  the  results  of  measurement  I*p  and  of  the  induced 
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signal  level  on  wave  EH^  in  a=cin=ls  u(x)  with  different  currents, 
relative  to  signal  level  warn  the  current  1=41  mA  from  the 
displacement  of  the  axis/axle  of  tne  injected  into  the  waveguide 
bundle. 


Fig.  3  shows  the  analogous  dependence  of  the  factor  of 
amplification  of  the  signal  of  oscillator  on  wave  SHX1  with  the 
coincidence  of  the  beam  bursts  and  oscillator. 

As  can  be  seen  frca  Fig.  2,  3,  correct  within  error  limits  for 
measurement  (+-2  mA)  ,  critical  current,  level  of  the  induced  signal 
and  coefficient  of  cluster  amplification  do  not  depend  on  the 
position  of  bundle. 

Measurements  were  made  both  for  the  waveguide  without  the 
sections/cuts  of  diaphragms  and  for  the  waveguide  with  the 
sections/cuts  of  diaphragms,  and  also  with  the  beam  displacement''  not 
only  in  the  horizontal,  but  also  in  the  vertical  directions,  with  the 
introduction/input  of  beam  at  angle  to  the  axis/axle  of  waveguide  and 
the  beam  displacement  with  the  aid  of  the  system  of  the  magnetic 
correction  (latter  was  done  for  the  waveguide  with  the  sections/cuts 
of  diaphragms) ,  In  these  ail  cases  during  the  repeated  repetition  in 
limits  of  accuracy  of  measurements  it  was  not  fixed  any  dependence  of 
the  measured  parameters  cf  instaoility  on  wave  Etl  on  the  position  of 
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th*  axis/axle  of  bundle  relative  to  the  axis/axle  of  waveguide. 

Fig.  4  shows  the  dependences  of  the  build-up/growth  of  cluster 
signal  on  wave  EH2i  (frequency  i^i^SSlQ  MHz ; c)  on  the 
displacera ent  of  the  axis/axle  of  ounala  in  the  horizontal  direction 
with  the  different  current  strengtns. 


As  far  as  dependence  is  concerned  the  induced  by  bundle  signal 
level  on  wave  EH21  with  tne  displacement  of  the  axis/axle  of  bur-dle 
in  the  vertical  direction  (it  is  perpendicular  to  the  plane  of  the 
axis/axle  of  rectangular  waveguide  of  input  coupler) ,  then  in  this 
case  it  did  not  change. 

Quality  of  the  septate  waveguide. 

As  it  was  shown  in  [6,  7J  tne  decrease  of  the  quality  of  the 
septate  waveguide  it  can  oe  acnie vad/rsached  by  the  introduction  of 
radial  sections  into  the  diaphragms.  This  method  was  utilized  in  the 
present  work  during  the  determination  of  dependence  IKp  on  the 
quality.  The  results  of  measurements  and  calculations  are  given  in 
Fig.  5. 


Fig.  6  shows  the  dependences  of  the  frequency  of  the  hybrid  wave 
EHjj,  which  correspond  tc  value  Cvlp)11*c  from  length  and  type  of 
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radial  sections  in  width  oi  sac-cron/cut  0.4  mm,  determined  from 
resonance  measur  ements  j,  6  J  and  are  olotted/applied  the  experimental 
points,  obtained  as  a  result  of  measuring  the  frequency  of  the 
induced  by  bundle  signals. 
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Fig.  4.  Dependence  of  ampiituae  of  cluster  signal  02l  on  wave  EH21  on 
beam  displacement  relative  to  axis/axle  of  waveguide. 

K=>y :  (1)  .  dB.  (2)  .  m  A. 


Fig.  5.  Dependence  on  relative  quality  of  structure  Q/Q0  1  ~ 
result  of  calculation  (witaout  taking  into  account  energy  losses  by 
bundle  to  radiation/emission  on  fundamental  wave)  according  to  work 
[12]  and  data  about  quality  at  different  length  of  sections/cuts  [6]; 
2  -  result  of  analogous  calculation  taking  into  account  losses  not 
radiation/emission  [16]  wita  the  use  of  averaged  value  of  energy; 
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points  -  result  of  measurement.  Along  the  axis  of  abscissas  is 
depcsited/postponed  the  ratio  oi  quality  Q  to  value  of  Q0  without  the 
sections/cuts. 

Kay :  (1 )  .  raA. 

Fig.  6.  Dependence  of  frequency  of  hybrid  wave  EHX1  Cv^^c)  on 
length  and  type  of  radial  sections  in  width  of  slot  0.9  mm.  Points  - 
value  of  signal  frequency,  induced  by  bundle;  1  -  rectangular 
section/cut;  2  -  cross-shaped. 

Key;  (1).  MHz. 

Page  76. 

Diameter  of  the  injected  Dundle, 

There  was  a  vagueness  regarding  the  effect  of  the  diameter  of 
the  injected  into  the  accelerator  oundle  to  the  value  of  critical 
current.  On  one  hand,  this  question  in  practice  was  not  examined  in 
the  investigations  on  the  cluster  instability,  with  exception  of  work 
[13],  where  it  was  indicated  that  the  threshold  current  at  the 
permanent  electron  density  must  grow/rise  with  an  increase  in  the 
working  wavelength,  or  at  wave  length  constant  and  density  with  an 


DOC  =  80069306 


PAGii 


increase  in  the  si zes/di mentions  ox  bundle,  while  on  the  other  hand, 
-hers  was  an  opinion  that  for  increasing  critical  currents  it  is 
necessary  to  utilize  densa  oundies  of  small  sizes/airaensicns  with  the 
sharply  outlined  boundaries.  We  carried  out  the  measurements  of 
dependence  IK9  on  the  diameter  or  me  injected  into  the  septate 
waveguide  bundle.  The  diameter  cr  uundle  changed  with  the  aid  of  the 
remot s/distance  collimatcr  at  the  permanent  mold  and  the  density  of 
beam  at  the  entrance  into  tne  collimator. 

The  results  of  measurements  are  represented  in  Fig.  7  (as 
parameter  serves  the  value  of  the  quality  of  waveguide) .  Prom  the 
curves  it  is  evident  that  critical  current  not  only  does  not  descend 
with  an  increase  in  the  diamet=r  of  bundle  at  the  entrance,  but  also 
grows/rises  approxiaatel y/exeaplarilv  1.4  times  with  an  increase  of 
the  diameter  of  opening/aperture  in  the  collimator  from  2  to  24  mm. 
'ith  the  full/total/complete  input  current  of  collimator  800  mA  80o/o 
current  it  is  concentrated  in  the  uiaraeter  of  8  mm. 

Dependence  and  of  tne  induced  by  bundle  on  wave  EHtl  signal 
on  value  of  the  focusing  magnetic  field  of  solenoid. 

The  use/applicaticn  of  a  focusing  field  of  solenoid  for 
increasing  the  limiting  current  was  examined  theoretically  in  works 
[10,  14]  and  it  was  investigated  experimentally  in  [8];  however  in 


'J  ^  fl  f.  ifl;  ’ 
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[3]  they  were  not  given  a*p«nd«nca  !*(>  on  the  magnetic  field  strength 


Since,  this  question  is  insufficiently  studied  and  is  of 
practical  interest,  wer«  carried  out  the  measurements  of  the 
dependence  of  the  value  cf  cruacdi  current  from  the  magnetic  field 
at  the  dirferent  values  cf  the  quality  of  waveguide,  and  also  of  the 
induced  signal  level  or.  wave  dH11  m  the  case  of  waveguide  without 
the  sections/cuts.  Magnetic  fisia  was  created  with  the  aid  of  three 
focusing  coils  with  a  total  langtn  of  160  cm  at  the  overall  length  o 
section  250  cm.  The  maximum  magnetic  field  (averaged  along  the 
length)  composed  400  e. 


Pig.  3  depicts  the  depeauences  of  cluster  signal  level  at 
frequency  3Hlt  of  wave  on  tne  values  of  focus  current,  measured  for 
the  waveguide  without  the  sectxons/cuts  of  diaphragms.  It  is  evident 
that  the  imposition  of  magnetic  iiald  sharply  decreases  the 
generataole  signal  level. 


Pig.  9  depicts  the  dependences  of  critical  current  on  the 

magnetic  field  strength.  Wita  field  change  from  0  to  400  e  critical 

current  increases  approximately/exemplarily  2  times  at  all  values  of 

quality;  it  should  be  nett a  tnat  calculations  according  to  the 

formulas  of  work  [10,  14]  give  a  considerably  smaller  increase  in 

critical  current;  according  to  calculation,  field  into  400  e  at  t<-.  ■% 
overall  length  of  waveguide  (2.5  a),  gives  increase  of  critical 

current  only  1.4  times. 


lit  201  JO!  m  H,3 
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Fig.  7  Fig.  d 

Fig.  7.  Dependence  of  critical  currant  on  diameter  of  colliir.etar  with 
gua]ity  of  waveguida  Q=10000  (1)  and  Q=30Q0  (2). 

Kay:  (1).  mA.  (2).  Diatnetdi,  mra. 

Fig.  d.  Dependences  of  cluster  signal  level  at  frejuency  EH! l  wave 
on  currant  at  different  values  of  magnetic  field. 

Kay:  (1)  .  dB.  (2)  .  mA. 

Fig.  9.  Dependences  of  critical  current  on  focusing  magnetic  field. 
0-factor  of  waveguide. 
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Page  77. 

With  the  imposition  of  magnetic  field  and  currents  more  than  400 
raA  was  discovered  nonlinear  (apparently,  plasma  origin)  effect-  was 
observed  the  peculiar  "aftereffect "  of  electron  beam,  which  consists 
in  the  fact  that  the  iitipulsc/aomentum/pulse  from  the  external 
oscillator  was  distorted  m  form  and  changed  in  the  amplitude,  being 
i:  was  arranged/iccatod  an  th*  time  considerably  later  than  the 
cluster  impulse/mome nt um/puise,  moreover  this  tempo rary/time  brace 
varied  from  2  to  20  p  s  depending  on  the  frequency  of  external 
oscillator  and  value  of  beam  current. 

Pig.  10  shows  the  dependence  of  the  time  of  the  brace  of 
interaction  of  the  signal  of  oscillator  with  the  "residual  medium"  in 
the  waveguide  (remaining  after  the  passage  of  beam)  on  the  oscillator 
frequency  with  the  current  520  tuA  and  the  field  400  e. 

Unfortunately,  effect  is  aifficjlt  to  reproduce  and  was  not  in 
detail  studied. 
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Agreement  of  the  end  da vices/ecuipment  of  the  septate  waveguide 
and  the  frequency  dependence  of  tna  factor  of  amplification  of  the 
hybrid  wave 

As  indicated  in  [Ibj,  taresnoid  current  in  the  section  of  linear 
accelerator  it  must  depend  on  tne  aagre°  of  the  agreement  of  the 
septate  waveguide  with  the  end  transitions  at  the  frequency  of  hybrid 
mode  with  u®*c>  descending  witn  an  increase  in  the  reflections. 

The  virtually  always  matcnrng  transitions,  which  do  not  reflect 
in  the  fundamental  frequency  f0i»  introduce  large  reflections 
(k.s.v.~5-6)  at  frequency  rix.  Attempt  to  experimentally  determine 
the  effect  of  mismatch  on  the  level  of  critical  current  was 

undertaken  in  [9].  Where  it  was  established  on  a  short  section 

f 

of  the  waveguide  that  the  level  of  the  induced  signal  decreased 
three-fold  with  the  matching  of  the  waveguide  output . 

As  indicated  in  [9]}  this  result  little  which  gives  fov  the 
multisection  accelerators  with  the  permanent  gradient. 

We  carried  out  the  measurements  of  the  dependence  of  the  induced 
signal  and  critical  current  on  tna  agreement  of  end  transitions.  It 
turned  out  that  the  amplitude  ct  tne  induced  by  bundle  signal  in  the 
waveguide  without  the  sections/cuts  varied  approximately/exemplarily 
2  times  with  a  change  cf  disagreeiag/mis matching  the  input  transition 
from  SWR  on  the  order  of  1.3  to  SWR,  it  is  equal  to  infinity. 

However,  a  substantial  change  in  critical  current  in  this  case  it  was 
not  discovered. 
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Let  us  note  ona  additional  tact,  which  concerns  the  behavior  of 
the  coefficient  of  the  cluster  amplification  of  signal  from  the 
external  oscillator  at  tha  difxerent  values  of  current  and  signal 
frequency,  such  dependences  ara  given  in  Fig.  11.  from  the  figure  one 
can  see  that  with  the  specific  currents  ar.d  at  tha  frequencies  the 
bundle  can  not  only  amplify  tns  supplied  to  the  system  signals,  but 
also  weaken/attenuate  them. 

Conclusion/output. 

1.  Measurements  conducted  concerned  case  of  single  section  of 
accelerator  with  permanent  structure,  i.e.,  case  of  regenerative 
instability.  Therefore  net  all  of  the  obtained  conclusion/output  can 
be  valid  for  the  case  of  cumulative  or  combined  instability,  i.a.,  in 
connection  with  multisection  accelerator, 

2.  It  is  experimentally  snown  that  constant  values  in  time  (of 
equilibrium)  initial  displacement  and  angle  of  entry  of  beam  relative 
to  axis/axle  of  periodic  structure  do  not  affect  parameters  of 
instability.  These  data  contradict  the  given  in  [3]  dependence  of 
signal  level,  induced  by  nundle  in  one  of  the  sections  of  accelerator 
on  2  GeV,  obtained  with  tne  beam  displacement  with  the  aid  of  the 
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magnetic  system  of  correction,  establish ed/installed  in  the 
precedi. lg/previous  section.  As  yet  there  is  no  satisfactory 
explanation  to  this  fact  ana  it  is  possible  to  only  assume  that  in 
expression  (1),  which  descrinas  trie  increase  of  the  sizes/di  mansions 
of  bundle  during  the  advance  of  it  along  the  accelerator,  by  x0 
should  be  understood  variable  component  of  origin  coordinate,  i.e., 
initial  transverse  modulation  of  tne  bundle  of  noise  origin.  In  this 
case  the  results  of  siirilar  type  experiments  on  the  single-se^.' ion 
and  multisection  accelerators  can  not  be  single-valued. 

3.  Critical  current  in  tne  first  approximation,  is  inversely 
proportional  to  quality  of  structure,  which  satisfactorily  will  agree 
with  calculations  according  to  data  [12], 

4.  Critical  current  in  investigated  interval  of  values  of 
focusing  magnetic  field  linearly  grows/rises  with  increase  in  field. 
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Fig.  10.  Fig,  1 1. 

Fig.  10.  Dependence  of  time  of  nraca  of  interaction  of  signal  of 
oscillator  with  "residual"  medium  m  waveguide  on  oscillator 
frequency  with  currant  1=520  mA  and  field  400  a. 

Kay :  (1)  .  ms.  (2) .  MHz. 

Fig.  11.  Dependences  of  coefficient  of  cluster  amplification  on  wave 
EH n  on  frequency.  Parameter  -  neam  current. 

Key:  (1).  dB.  (2).  mA.  (3).  ildz. 

Page  78. 
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Page  79. 

Session  IX. 

RADIO  ELECTRONICS  OF  ACCELERATORS.  Measuring  systems  of  the 
parameters  of  beam. 

112.  Systems  and  methods  of  naam  display  on  the  accumulator/storage 
of  FT  I  of  AS  OkSSR. 

N.  I.  Mocnashnikov,  L.  V.  Reprinetsv. 

Physicotechnical  Institute  AS  UkSSR)  . 

The  implementation  cf  cha  program  of  studies  on  the  dynamics  of 
baam  on  the  accumulator/storage  reguires  the  creation  of  the  complex 
of  diverse  equipment  for  diagnostics  of  beam.  On  the 
accumulator/storage  N-100  [1]  is  provided:  a)  the  measurement  of  the 
parameters  of  the  in  jeered  oeam;  o)  characteristic  measurament  of 
stacked  beam  on  its  synchrotron  radiation;  c)  the  study  of  the 
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harmonic  composition  of  stored  current. 

« 

Fig,  1  q  shows  the  scnematic  of  injection  measuring 
equipment.  Beam  from  the  linear  electron  accelerator  (LUE)  passes  two 
rotary  magnets  (PM)  and  it  rails  into  the  working  clearance  of  the 
inflector,  arrangad/located  in  straight  section,  tfihh  the  aid  of  the 
magnetic-induction  sensors  Dx  ana  u2  is  measured  envelope  and  the 
coordinate  of  the  current  pulse  cf  accelerator  at  the  input  in  PMX . 
Sensors  work  in  the  aperioaic  mode/conditions,  their  signals  are 
amplified  by  the  widebana  amplifiers  (OSh)  .  the  accuracy  of  the 
measurement  of  angle  water  in  Pdx  is  +-10“3  rad  for  the  currants 
10-100  mA  in  the  impulse/moment ua/pulse.  tfith  the  aid  of  the 
magnetic-induction  sensor  03  is  made  the  measurement  by  the  envelope 
of  currant  puls?  after  i?Mx,  a  numner  of  electrons  or  positrons  in  one 
message,  and  also  the  measurement  of  energy  with  precision/accuracy 
+-I0/0  with  the  aid  of  ccllimation  of  beam  (K),  Sensor  works  together 
with  the  operational  amplifier  {(JO)  ,  that  makes  it  possible 
considerably  to  weaken/attenuate  tne  effect  of  instability  on  the 
output  signal.  In  the  measurement  of  current  the  operational 
amplifier  provides  the  aperiodic  mode/conditicns  of  the  work  of 
sensor,  while  in  the  measurement  of  charge  -  resonance  [2]. 
Sensitivity  of  sensor  in  tne  measurement  of  current  and  charge  of  50 
mV/mA  and  1.6«10“8  V/partic.le  respectively,  operating  speed  -  40  ns. 
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With  aid  of  the  meter  of  tne  spectrum  (IS)  measurements  are  made 
of  the  pulse  energy  characteristics  of  the  injected  beam  with  energy 
resolution  ♦- 2»10”3.  Sensor  is  movable  ionization  chamber,  situated 
in  the  focus  of  magnet  PMj,.  Collecting  anode  of  the  chamber/camera  of 
sectional,  widtn  of  bands  is  1  mm,  the  gap/interval  between  them  of 
0.2  mm.  Signals  from  the  separate  uands  through  the  delay  unit  (LZ) 
are  supplied  to  the  osciliograpn  on  screen  of  which  the  image  of  the 
spectrum  is  obtained  in  the  form  or  histogram. 

Parameters  of  beam  at  its  injection  into  the  ring  are  measured 
by  the  system  of  two-dimensional  ionizing  chamber  of  sensors  (IDlf 
ID2,  ID3) ,  established/instalied  directly  before  the  inflector,  after 
it  and  through  1/2  revolutions  of  beam  in  the  ring.  They  make  it 
possible  to  measure  the  magnitude  of  the  charge,  its  distribution 
over  cross  section  and  location  of  the  center  of  gravity  of  the 
injected  beam.  The  aperture  of  eacn  sensor  comprises  60x40  mm2, 
three-dimensional/space  resolution  5  mm.  With  the  aid  of  the  relay 
assembly  (BR)  they  by  choice  can  be  connected  to  the  system  of  the 
electronic  switches  (EPW  EPZ)  ,  which  make  it  possible  to  obtain 
charge  distribution  according  to  two  coordinates  for  one  injection 
impulse/moraentum/pulse  cn  the  scra«n  of  dual-trace  oscillograph. 

Pig.  1b  shows  the  schematic  of  equipment  for  measuring  the 
parameters  of  stacked  beam  on  its  synchrotron  radiation/emission. 
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Azimuthal  particle  distribution  is  measured  with  the  aid  of 
single-chamber  image  converter  tube  (HOP)  whose  scanning/sweep  is 
conducted  by  sine  voltage  witn  synchronous  frequency  *s.  With  the 
sizss/dimonsions  of  cluster,  small  about  to  comparison  with  the  orbit 
circumference,  is  utilized  tne  Horizontal  sweep.  Image  on  the  screen 
EOP ,  corresponding  tc  tne  azimuthal  distribution  of  electrons  in  the 
cluster,  in  this  case  is  analyzed  nv  camera  tube  "dissector"  (DIS2) 
and  is  oscillogramed.  Gauging  signal  is  obtained  in  this  case  by 
scanning/sweeping  the  point-source  image,  aith  inage  sizes,  compared 
with  the  period  of  sea nning/sweey  ifor  example,  in  the  presence  of 
the  synchrotron  resonance),  in  ZOP  is  utilized  the  circular  sweep. 
With  aid  of  the  diagram  of  stroking  (S)  from  the  sequence  of  the 
videosignals  of  television  camera  (TK)  it  is  separated/liberated  the 
signal  of  one  lines  whose  image  simultaneously  is  extinguished  on  the 
screen  of  kinescope.  In  the  measurements  is  selected  the  row,  which 
coincides  with  the  diameter  of  scanning/sweep  EOP.  For  the  reading  of 
the  amplitude  of  synchrotron  oscillations  the  image  is  moved  with  the 
aid  of  phase  converter  (FV)  on  tne  scanning/sweep  EOP  so  that  its 
edge  consecutively/serially  they  would  be  combined  with  the  gated 
row . 


Page  80 


The  resolution  in  the  measurements  with  the  dissector  composes  value 
~10*'10  of  s  and  is  limiteu  to  tne  final  duration  of  the  light  pulse, 
emitted  by  exact  cluster  into  tne  solid  angle  BOP,  and  also  other 
next  factors  [3,  4  ].  At  tne  sweep  rreguency  of  the  dissector  50  Hz  of 
the  measurement  of  azimutnai  extent  it  is  possible  to  carry  out  in 
the  range  of  energies  50-100  rieV  for  the  accumulated  currents  >1  mA. 


Recording  the  center-of-gra vity  location  of  cluster  in  the 
accumulator/storage,  it  is  possible  to  measure  a  change  in  its 
synchronous  phase  in  the  presence  of  coherent  losses.  This  is 
achieved  by  differentiation  of  signal  from  the  dissector  DIS2  and  by 
fixing  the  moment/torgua  ox  its  passage  through  zero  on  the 
oscilloscope  face.  The  accuracy  cf  measurements  composes  value  of 
+-0.5°  for  the  currents  >1  oA  and  is  limited  to  instabilities  in  the 
sweep  circuits  BOP  and  HF  generator. 

For  measuring  particle  distrioution  in  the  cross  section  of 
stacked  beam  is  utilized  the  uissector  DISj.  It  analyzes  the  light 
cross-sectional  view  of  nea«,  wnich  is  created  by  the  synchrotron 
radiation/emission.  Resolution  besides  the  factors  of  technical 
character  is  limited  by  the  "diffuseness"  of  the  light  image  of  beam, 
which  is  caused  by  the  properties  of  quite  synchrotron  radiation.  For 
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the  installation  N-100  it  is  art-mated  by  a  value  of  ~0,1  mm  during 
the  image  transmission  tc  tne  ussector  with  optical  multiplicity  ix. 

The  measure  meat  of  tne  coordinates  of  equilibrium  orbit  is  made 
by  tne  interruption  of  neaia  ay  tne  introduced  into  vacuum  chamber 
probes  (3,  Pig.  1b).  In  all  are  5  radial  and  3  vertical  measuring 
points.  Coordinates  are  countau  ofr  on  the  screen  of  electron-beam 
afterglow  tube.  To  its  ncrizontaliy  deflecting  plates  is  supplied  the 
stress/voltage  from  the  linear  potentiometer  (PL) ,  mechanically 
connected  with  the  probe,  while  to  those  vertically  deflecting  - 
signal  from  FED,  recording  mcment/torgue  interruption  of  beam.  The 
accuracy  of  measurements  depends  on  vacuum  and  is  equal  to  -1  mm  for 
P<10-7  torus. 

Pig.  1  c  shows  tne  schematic  of  equipment  for  studying  the 
harmonic  composition  of  current  in  the  accuaula tor/storage  with  aid 
of  resonance  receivers.,  adjusted  to  the  harmonics  of  the  frequency  of 
revolution  of  cluster  in  tne  accumalator/storage. 

The  strength  of  accumulated  current  is  measured  with  the  aid  of 
a  picic-up-electroda  (PE)  and  tne  measuring  superheterodyne  receiver 
(IP2) ,  adjusted  to  the  second  naraonic  of  frequency  of  revolution 
j*':04.5  MHz.  Signal  from  it  is  detected  by  linear  detector  and  is 
recorded  by  indicators  (I) .  Tne  minimum  measured  current  is  equal  to 


50  jj k  and  is  limited  tc  interxerenca  from  HP  generator.  Bntira 
circuit  was  calibrated  witn  tne  aid  of  the  Rogowski  loop,  which 
recorded  signal  with  the  discaarga/break  of  stacked  beam  by 
inflector.  The  prscisicn/uccuracy  of  absolute  calibration  composes 
+-10o/o,  if  necessary  is  considered  supplementary  error  due  to  a 
change  in  the  longitudinal  sizes/dimensions  of  cluster. 


For  studying  the  processes  of  thq  self-excitation  of  the 

longitudinal  instability  and  angular  damping  is  conducted  recording 

the  frequency  and  amplitude-modulated  signals,  induced  by  cluster  on 

the  rasonator  ana  a  pick-up-electrode.  Resonator  (3)  represents  the 

specially  prepared  passive  resonator  which  permits  rearrangement  to 

the  second  third  and  fourth  of  tna  harmonic  of  frequency  of 

revolution  and  has  characteristics  close  to  the  characteristics  of 

ideal  contour /outline.  During  the  study  of  the  processes  of  the 

self-excitation  of  longitudinal  conerent  instability  it  was  utilized 

both  for  its  excitation  and  recording  the  threshold  of  instability. 

For  this  the  frequency  modulated  signal,  induced  in  it  by  beam,  is 

reccrded  by  receiver  IP;  in  widtn  of  band  100  kHz;  the  result  of 

frequency  detection  (Detx)  is  amplified  by  the  selective  amplifier 

(01) ,  tuned  to  a  frequency  of  conerent  phase  of  oscilxations  (15-35 

kHz) ,  in  this  case  width  of  band  ox  entire  circuit  comprises  several 

kHz,  equipment  makes  it  possible  to  carry  out  the  measurements  of 

minimum  threshold  currents  -5  uA  and  amplitude  of  phase  oscillations 

~  0.  S  \ 
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Fig.  1.  Schematic  of  measuring  equipment  on  the  accumulator/storage 
a)  apparatus  for  measuring  the  parameters  of  the  injected  beam. 
Outputs  of  signals.  1,  2  -  envelope  and  coordinate  of  the  current 
pulse  of  linear  accelerator;  3  -  energy  spectrum;  4  -  envelope  of 
current  pulse  after  rotary  magnet,  number  of  electrons  or  positrons 
5,  6  -  profile/airfoil  and  coordinates  of  the  bundle,  injected  into 


DOC  -  30069307  PAGiS 

the  ring;  b)  equipment  for  cnaractaristic  measurement  of  stacked  beam 
on  tna  synchrotron  radiation.  rn«  outputs  of  signals;  7  -  particle 
distribution  in  the  stacked  neaia  according  to  two  coordinates;  3  - 
synchronous  phase;  9,  10  -  azimutnal  particle  distribution  in  the 
accumulator/storage ;  c)  equipment  ror  studying  the  harmonic 
composition  cf  the  accumulated  current. 

Key:  (1).  Dis2.  (2).  Det2.  iJ)  .  Oscillograph. 

Page  31. 

The  study  of  the  processes  cf  fading  coherent  phase  of 
oscillations  of  large  amplitude  is  conducted  with  the  aid  of  of 
wideband  receiver  IP3,  adjusted  to  the  fourth  harmonic  of  the 
frequency  of  revolution,  Widtn  of  its  band  is  1  Mhz,  which  makes  it 
possible  to  measure  the  amplitudes  of  phase  oscillations  to  vaiue  of 
-150°.  Detectors  Det3  and  Dets  separate/liberate  the  form  of  the 
frequency  and  amplitude  modulation  of  signal  from  pick-up  electrode, 
and  Det4  and  Det6  -  respectively  tneir  envelope. 

Fig.  2,  3,  4  give  seme  oscillograms  of  signals,  which  illustrate 


t.he  work  of  equipment 
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Discussion. 

7.  A.  Kochagurov.  Sensors  Dz  anu  D3  do  measure  the  boundaries  of 
beam  or  the  envelope  of  current  pulse? 

L.  V.  Raprintsev.  Envelope  of  current  pulse. 

7.  G.  Davidovski y.  Usually  photocathode  sensitivity  EOP  is  strongly 
heterogeneous  in  the  surface.  Did  carry  out  you  the  calibration  of 
this  sensitivity  during  tne  investigation  of  charge  distribution 
according  to  the  cross  section  of  oeam? 

L.  V.  Reprintsev.  In  the  measurements  it  was  utilized  only  the 
insignif icant  region  of  paotoelactric  cathode.  The  heterogeneity  of 
sensitivity  was  checked  by  preliminary  measurements. 
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Page  82. 

113.  Methods  of  measuring  tne  parameters  of  beam. 

V.  Agoritsas,  5.  Battistas.,  K.  D.  Dzhnoson,  G.  Shnayder. 

(CERtt,  Switzerland).  1 .  Intr oauc tion . 

According  to  the  program  of  tne  European  organization  of  nuclear 
research  at  present  they  will  rorasee  themselves  the  work  on  the 
improvement  of  s ynchro pnasotron ,  target  of  which  is  an  increase  in 
the  intensity  of  beam  and  optimization  of  the  operational  conditions 
of  synchrophasotron  as  injector  into  the  rings  with  clashing  beams. 
The  need  of  conducting  the  iarje  volume  of  calculations  in  the 
digital  computer  at  present  and  in  the  future  and  also  the  need  for 
the  creation  of  effective  control  system  up  tc  that  moment/torque 
when  is  intended  to  introduce  into  the  action  complex  linear 
accelerator  -  injector-accelerator  -  rings  with  clashing  beams,  led 
to  the  reasonable  decision  to  conduct  the  detailed  investigation  of 
the  contemporary  possibilities  of  diagnostics  of  beam  and  collection 
and  storage  of  data  with  the  aid  of  the  digital  computer. 
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In  the  report  is  made  the  attempt  to  present  the  contemporary 
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state  of  metrology  in  tnis  region,  and  to  also  illuminate  tha 
contemporary  developments  or  equipment,  intended  for  measuring  the 
parameters  of  external  ana  internal  beams  of  synchrophasotron.  In 
many  respects  this  equipment  is  analogous  to  the  technical  equipment, 
developed/processed  at  present  for  injector-accelerators  and  channels 
of  the  transportation  of  oeams.  In  the  report  are  not  examined  the 
monitors  using  targets,  since  tneir  construction  it  changed 
insignificantly  from  tha  moment/torque  of  issuing  preceding/previous 
reports  [1,  2]  and  in  many  instances  these  monitors  were  not  intended 
for  the  direct  measurement  of  tne  parameters  of  beam. 

2.  Characteristics  of  beam. 

As  a  rule,  during  the  development  of  measuring  equipment  for 
control  of  tha  parameters  of  accelerators  is  necessary  to  have  matter 
concerning  the  beams  of  average/aean  and  high  intensity;  usually  the 
instantaneous  density  cf  rlow  ranges  from  lO**  to  102°  proton  x  cm" 2 
X  s“i  and  tha  time-averaged  density  of  flow  -  from  10*°  to  1013 
proton  x  cm"2  X  s"1. 

Tha  flash  durations  of  external  ray/beam  it  comprises;  10  ns 
(one  cluster)  -  2  ps  (20  clusters)  during  the  rapid  beam  deflection; 
100  -  400  ms  during  the  slow  oeam  extraction.  Equipment  must  measure 
the  parameters  of  baams  vita  tne  time  structure  (internal  grouped  and 
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rapidly  emitted  beams)  ana  oeams  which  in  the  ideal  case  do  not 
possess  the  time  structure  (internal  grouped  and  slowly  emitted 
beams)  .  In  the  latter  case  mere  is  very  frequently  undesirable  time 
structure  of  beam,  whicn  is  measured  by  equipment  for  the  purpose  of 
its  elimination  during  the  suosequent  adjustment;  as  a  result  there 
is  the  possibility  to  determine  th«  index  of  quality  of  beam  [3],  It 
is  necessary  to  also  measure  me  position  of  the  center  of  mass  of 
proton  beams,  the  sizes/dim=nsicns  of  these  beams,  intensity  and 
change  of  the  parameters  wiuh  rime. 
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3.  Sensors  of  beam. 
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For  the  latter  several  years  appeared  many  new  types  of  the 
sensors  of  the  parameters  of  the  oeams,  some  of  which  are  specially 
adapted  for  the  work  tcgetner  witn  the  digital  computers.  Some 
sensors  were  subsequently  modified,  while  some  non-current.  Table  1 
gives  the  enumeration  cr  the  available  today  types  of  the  sensors  of 
beam,  used  in  the  proton  syncnrctron  of  CEHN,  that  corresponds  to 
framework  indicated  above  of  present  report.  In  the  table  are 
enumerated  the  essential  features  of  each  type  sensor,  and  the  more 
detailed  description  of  tnese  sensors  is  given  below.  The  more 
full/totaler/aore  complete  enumeration  of  the  selected  methods  of  the 
monitoring  of  the  parameters  of  beams  is  given  at  the  end  of  the 
present  report.  In  the  report  are  utilized  the  following  reductions; 
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CODD  -  digital  representation  oz  me  closed  orbit; 

IBS  -  scanning  device/eguip ment  ror  beam  measurement; 

SEC  -  chamber /earner a  of  tne  secondary  emission; 

SEPD  -  detector  of  the  position  of  the  beam  of  slow 
conclusion/output; 

toposcopa  -  sensor  of  the  profile/airfoil  of  beam  on  the  basis  of  the 
use  of  the  secondary  emission  from  fitting  strips;  * 

miniscanner  -  sensor  of  tne  prorile/airf oil  of  beam,  which  uses  the 
small  target,  scanned  throuyn  the  aeam. 

4.  Obsarvations  apropos  of  tno  methods  of  beam  monitoring,  enumerated 
in  the  table. 

4.1,  Current  transformers  £2,  4],  It  is  possible  to  name/call 
three  types  of  currant  transformers  of  the  circulating  beam.  Passband 
for  each  of  these  types  is  shown  in  the  table.  Slow  transformer 
provides  the  precisicn/accuracy  ci  order  O.lo/o,  the 
precision/accuracy  of  intervening  transformer  composes  lo/o,  the 
precision/accuracy  of  rapid  transformer  ranges  from  2  to  3o/o  for  the 
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middle  of  the  frequency  band,  i’na  utilized  previously  system  of  the 
addition  of  the  output  signals  of  rapid  and  slow  transformers  is  at 
present  demounted,  since  with  uiis  method  are  not  utilized  the 
precision  characteristics  of  slow  transformer. 

Current  transformer  m  tne  rapidly  emitted  beam  has  circuit  of 
transmission,  which  is  self- actuated  from  the  current  pulse  with  the 
duration  of  2  ijs  which  serves  for  decreasing  the  effect  of  noise. 

Page  83. 

Some  experiments  carried  out  earlier  with  current  transformers 
in  the  slowly  emitted  beams  made  it  possible  to  establish  that  due  to 
a  small  signal-to-noise  ratio  sucn  transformers  cannot  be  utilized  as 
the  sensors  of  the  intensity  of  neara  [2],  Are  later  investigations  in 
which  were  applied  the  metnods  of  statistical  averaging,  distance 
encouraging  results  [5].  fne  authors  continue  to  work  on  the 
possibility  of  using  the  mentioned  above  transformers  for  purposes  of 
the  check  of  the  absolute  intensity  of  the  slowly  emitted  beams. 

4.2.  Electron  emission  from  targets  or  plates  [ 6  ].  This  simple 
and  convenient  method  of  the  cnees  of  the  intensity  of  external  beams 
is  in  practice  extruded/excluded  n/  more  expensive,  but  by  the  more 
stable  on  precision/accuracy  and  reproducibility  method  of  intensity 
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measurements  with  the  use  of  a  cnainber/camera  of  secondary  emission 
[7].  The  emission  of  charge  still  is  utilized  for  the  sensors  with 
the  targets  in  intensity  measurements  of  the  rapidly  emitted  beams. 

In  the  development  of  investigations  on  by  the  calibration  methods  of 
the  chambsr/camera  of  secondary  emission  recently  were  carried  out 
the  experiments,  in  which  was  accomplished /realized  the  crossed 
calibration  of  the  chamner/camera  of  the  secondary  emission  with  aid 
of  current  transformer  in  tne  rapidly  emitted  beam  and  the  activation 
of  aluminum  foil  [8],  Between  the  measured  absolute  values  of  the 
intensity  of  beam  still  are  oosarved  the  differences  from  5  to  lOo/o. 
The  utilized  now  in  CEFN  procedure  is  reduced  to  use  the 

I 

chamber/camera  of  the  secondary  emission,  calibrated  with  the  aid  of 
current  transformer  in  the  rapidly  emitted  beam,  as  the  standard  of 
intensity  in  the  measurements  into  slowly  derived  beam. 

4.3.  Electrostatic  measuring  sensors,  compact  electrostatic 
measuring  sensors  [9],  estaoiishment  in  40  straight  sections  of 
synchrotron,  are  at  present  united  into  on®  system  which  was  called 
the  digital  indicator  or  ths  closed  orbit  of  beam  (CODD),  This  system 
[10]  measures  the  closed  oroit,  tracking  the  trajectory  of  one 
cluster  around  the  syncnrotron  and  furthermore  it  makes  it  possible 
to  observe  coherent  betatron  oscillations. 
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Key:  (1).  Parameter  of  beam.  (2).  Method  of  measurement.  (3). 
Circulating  beam.  (4) .  Beam  uuriny  rapid  conclusion/output.  (5) .  Beam 
during  slow  conclusion/ourpar.  (6).  Intensity  of  beam.  (7).  Current 


4 


DOC  =  80069307 


i 

PAGE  ^ 


transformer.  (8)  .  Current  transformer  front  -  5  ns.  (9)  .  SEC, 
calibrated  in  beam  of  rapid  conciusion/o utput  or  with  tha  aid  of 
activation  of  foil.  (10).  rapid.  (11).  kHz.  (12).  HHz.  (13). 
average/mean.  (14).  Hz.  (15).  slow.  (16).  SEC,  calibrated  with  the 
aid  of  current  transformer.  (17).  electrostatic  electrodes  (they  will 
be  disconnected).  (18).  Activation  of  foil.  (19).  current 
transformer.  (20).  Electron  emission  from  targets  or  plates.  (21). 
Activation  of  foil.  (22) .  Position  of  center  of  beam.  (23) .  System 
CODD  with  electrostatic  pickups.  (24) .  Electrostatic  electrodes  (thus 
far  yet  off-duty).  (25).  S2PD,  that  uses  secondary  emission  and/or 
ionization  of  gas.  (26).  Electromagnetic  sensors  (are  initiated 
tests) .  (27) .  Electromagnetic  sensor  (it  is  proposed) .  (28) .  Position 
of  beam  and  sizes/dimensions.  (29) .  Special  targets  give 
sizes/dimensions  of  beam  only  in  '‘plateau”  of  magnetic  field.  (30)  . 
^oposcopes,  (31).  13 s  -  measurement  of  parameters  of  beam  during 
entire  cycle.  (32).  Btniscannar  at  duct  inlet  of  ejection.  (33). 
Utiniscanner  at  duct  inlet  of  ejection.  (34)  .  fluorescent  screens. 

(35).  Fluorescent  screens  13S  -  scanning  with  50  Hz.  (36).  Azimuthal 
parameters.  (37) .  3rcadbanu  electrostatic  pickups  with  front  400  ps. 
(38).  Target  sensors  give  time  structure.  (39).  Electromagnetic 
sensor  with  front  1  ns.  (40).  Huny  oscillator. 
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3apid  measurements  cz  fraiUeiioy  of  becatron  on  small  energy 
levels  [11]  are  carried  our  via  me  comparison  of  the  frequency 
spectrum  of  th»  output  signal  of  electrostatic  pickup  before  and 
after  the  excitation  of  betatron  oscillations  with  the  aid  of  special 
kickers.  This  principle  ci  measuzaasnts  at  present  applies  to  higher 
level  of  energy. 

Has  recently  esta blisned/mstalled  new  type  broadband 
electrostatic -measur in g  sensor  [12J.  assonance  oscillations, 
characteristic  to  old  system,  were  removed  due  to  a  change  in  the 
vacuum  chamber  design.  New  measuring  sensor  is  based  on  the  use  of  an 
old  structure  of  electrodes,  ic  nas  capacitive  coupling  with  the  very 
good  car-le  and  in  the  range  of  lew  frequencies  for  expanding  the 
passband  is  utilized  cathode  rollower.  The  measured  bandwidth  of  this 
sensor  is  120-  kgg  -  880  ttHz. 

The  creation  of  electrostatic  pickups  for  the  monitoring  of  the 
parameters  of  the  rapidly  emitted  nearas  is  complicated  technical 
problem,  since  the  normal  vacuum  of  external  beam  composes 
approximately  ICf"1  torus,  and  at  tnis  pressure  due  to  the  phenomenon 
of  the  ionization  of  gas  usual  electrostatic  pickups  become 
unsuitable.  Electrostatic  picxups  were  utilized  at  atmospheric 
pressure  [13];  however,  tnis  decision  hardly  was  more  convenient  for 
the  majority  of  external  oeams.  rfas  expressed  opinion  relative  to 
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promise  of  the  use  of  electromagnetic  sensors;  however,  such  sensors 
are  not  thus  far  yet  developed. 

4.4.  Fluorescent  scr=ons,  Recently  for  measuring  the  parameters 
of  the  slowly  emitted  beam  of  syncnropnasotron  was  used  experimental 
sample/specimen  of  resistant  to  tne  radiation  scintillator  with  oxide 
of  aluminum,  activated  ay  caromium.  This  scintillator  is  developed  by 
3.  0.  Allison  and  colleagues  ircrn  the  institute  of  Berkeley  [14],  The 
authors  consider  promising  the  use  of  this  material  in  future  for  the 
monitoring  of  the  parameters  of  the  beam  of  high  intensity,  since  its 
sensitivity  proved  to  be  sufficiently  high  for  the  majority  of 
practical  tasks,  Was  also  tested  tne  special  television  indicator  in 
which  to  y  -  coordinate  cf  raster  x-y  was  added  scintillating 
indicating  light.  Thus  is  realized  exploded  view  [15],  in  which  are 
more  clearly  visible  the  nonlinearity,  inherent  in  television  system, 

4.5.  Special  targets  [loj  and  miniscanner  [17].  The 
sizes/dimensions  of  beam  in  tne  vertical  and  radial  planes  of 
synchrotron  are  measured  on  “areas'*  of  magnetic  cycle  with  different 
energies  by  the  installation  of  forked  target  on  the  path  of  the 
propagation  of  beam.  After  the  tnorough  control  of  target  is  made  the 
measurement  of  current  in  tne  circulating  beam  before  and  after  the 
depression  of  target,  wnicn  gives  the  possibility  to  determine  the 
currant  strength  in  the  beam  inside,  also,  out  of  the  fork.  Being 
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assigned  by  any  concre ta/specific/actual  law  of  density  distribution 
of  protons,  for  example  cy  Gaussian,  it  is  possible  then  to  calculate 
the  width  of  beam.  To  a  certain  degree  is  analogous  to  this  method 
the  method  of  measurement  of  the  parameters  of  beam  with  the  use  of  a 

target  with  the  variable  distance  netween  the  teeth.  In  this  case 

% 

teeth  are  installed  separately  on  two  targets,  arranged/located  in 
one  housing.  By  changing  tiio  distance  between  the  teeth  and  by 
recording  the  strength  cf  circulating  current  before  and  after 
alignment  of  target,  it  is  possiula  to  determine  the  sizes/dimensions 
of  beam,  moreover  in  this  case  tnure  is  no  need  for  accepting  any 
hypotheses  about  the  character  of  the  distribution  of  protons. 

Miniscanner  is  thin  foil  target.  This  target  is  utilized  for  the 
scanning  of  beam  over  its  section  at  the  entrance  into  the  septum  of 
the  channel  of  beam  extraction,  and  also  on  the  external  channels. 
Electronic  emission  from  tna  foii  is  utilized  for  control  of  the  flow 
of  the  protons,  passing  througn  foil.  In  order  to  minimize  the 
effects  of  auto-polarization,  the  ionization  of  gas  and  idle  magnetic 
and  electric  fields,  foil  is  surrounded  by  the  thin  copper 
polarization  screen.  As  insulation/isolation  between  the  foil  and  the 
screen  are  utilized  the  strips  of  oxide  of  aluminum, 
deposited/postponed  chemically.  Ine  use/application  of  this  screen 
leads  to  certain  decrease  of  the  tnree-dimensional/space  resolution; 
however,  experiment  shews  tnat  this  is  the  necessary  measure. 
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especially  in  the  case  of  rough  vacuum  (is  less  10~6  torus)  . 

4.6.  Toposcopes  [19].  These  devices/equipment,  which  are 
actually  the  bands  of  foil  wicn  the  secondary  emission,  scanned  by 
the  high  speed  analog  multiplexer  or  the  digital  quantizing  diagram 
together  with  the  multiplexer,  rina  ever  increasing  use  for  the 
control  of  external  beams.  In  tna  very  near  future  it  is  proposed  to 
utilize  toposcopes  for  the  measurements  of  the  emittance  of  the 
slowly  emitted  beams.  Tne  tnree-aimansional/spaca  resolution  is  at 
present  limited  to  several  millimeters;  however,  for  its  increase  it 
is  necessary  to  only  modify  macaamcal  design. 

4.7.  Electromagnetic  sensors  of  beam.  Were  up  to  now  spent  only 
insignificant  ef forts/f crces  for  introducing  the  electromagnetic 
sensors  of  beam.  By  arrangement  with  the  scientists;,  who  operate 
German  electronic  synchrotron,  aevice/aquipraent  of  such  type  it 
passes  tests  on  synchrotron  £20],  while  prototype  of  electromagnetic 
measuring  sensor  is  developed  oy  dank  [21],  In  this  sampla/specimen 
is  utilized  the  transformer  coupling  between  the  walls  of  vacuum 
chamber  and  the  high-quality  canle.  Signal  levels  are  sufficiently 
low  (between  10  mV  and  0.9  V  in  tha  injector-accelerator  with 
2.5x1012  protons,  which  circulate  in  each  ring);  however,  it  was 
possible  to  ensure  passoand  from  100  kHz  to  400  MHz  and  more.  Was 
very  recently  accepted  decision  continue  further  work  in  this 
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direction  for  the  purpose  of  cne  use  of  electromagnetic  sensors  for 
measurements  in  the  injector-accelerator  of  synchrotron. 

5.  Ose  of  digital  computer  for  collection  of  measurable  data. 

For  collection  and  data  processing  increasingly  more  widely  is 
utilized  the  controlling  digital  computer  of  model  IBM  of  1800. 

Page  35. 

As  the  example  below  are  enumerated  the  operations/ process es  for 
executing  which  is  utilized  tne  digital  computer:  data  collection 
from  current  transformers  in  tne  oeam,  numerical  indication  of  the 
closed  orbit  of  beam,  determination  of  the  effectiveness  of  beam 
extraction  on  the  basis  measurements  of  the  intensity  of  beam  with 
the  aid  of  the  sensors,  cneck  and  data  collection  from  miniscanner. 

The  first  of  the  enumerated  uses/applications  is  most  effective, 
especially  when  the  character  of  work  requires  the  periodic 
measurements  of  the  current  strength  in  the  beam  at  different  moments 
of  time  during  the  operating  cycle.  The  program  of  the  analysis  of 
capture  mode  makes  it  possinle  tc  investigate  the  capture  efficiency 
of  particles  immediately  after  injection;  with  the  high  energy  the 
same  system  of  data  collection  is  utilized  for  determining  of  the 
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dimensions  of  beam  according  to  cue  results  of  the  measurements, 
obtained  with  the  aid  cf  tne  forKeu  targets  about  which  it  went 
speech  in  section  4. 5.  In  tna  latter  case  the  final  part  of  the 
calculations  is  conducted  not  during  the  measurements. 


The  position  of  miniscanner  is  checked  with  the  aid  of  the 
digital  computer,  and  inforaaticn  about  the  density  of  the  flow  of 
protons  is  start  ad  in  tne  form  of  feedback  signal,  so  that,  utilizing 
special  accessory  equipment,  it  is  possible  to  construct  the  curves 
of  the  distribution  of  intensity  over  beam  section.  Miniscanner  of 
the  d ascribed  type  at  present  is  utilized  for  measurement  of  the 
emittance  of  slowly  emitted  beams  i.22]. 
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6.  Electronics  for  the  sensors  of  oeam. 

This  question  is  located  out  of  the  basic  content  of  report. 
However,  we  will  point  out  basic  direction  of  the  developments,  which 
have  as  a  goal  to  derive  active  eieraents/cells  from  the 
devices/equipment  of  the  sensors  of  beam,  which  are  located  near 
vacuum  chamber/camer a.  This  is  connected  with  an  overall  increase  in 
the  radiation  danger  of  proton  synchrotron.  An  example  of  this 
elimination  of  active  elements/cells  are  the  new  methods  of  the 
transmission  of  signals,  proposed  oy  G.  shnayder  [23]  and  S.  Battisti 
[24],  in  both  propositions  are  removed  the  cathode  followers  which 


A 

| 


i 


£ 


1 

•3 


4 


DOC  =  30069307  PAGi 3 

recently  were  arranged/located  near  vacuum  chamber. 

In  the  first  system  is  utilized  coaxial  cable  for 
connecticn/comraunicaticn  wicn  electrostatic  pickups.  Due  to  the  use 
of  matching  systems  of  filtration  it  is  possible  to  ensure 
sufficiently  wide  passband.  In  tne  second  system  there  is  a 
transformer  coupling  with  tne  preamplifiers,  arranged/located  in 
several  meters  from  vacuum  chamcer  of  synchrotron. 

7.  The  intercalibration  cf  current  transformers. 

7.1.  Effects  being  investigated.  In  the  process  of  these 
investigations  were  used  two  current  transformers  of  the  circulating 
beam,  astablished/inst ailed  in  different  straight  sections  of 
synchrotron.  The  target  of  investigations  consisted  of  confirming  of 
the  expected  high  accuracy  of  the  measurement  of  the  absolute  values 
of  current  in  the  beam.  Tms  prcnlem  was  solved  via  the  comparison  of 
readings  of  two  transformers  for  tne  varied  conditions  for  the  work 
cf  synchrotron  and  in  different  parameters  of  beam. 

Was  investigated  the  effect  or  the  following  parameters  of  beam 
[25]:  a)  the  radial  position  of  neara  in  vacuum  chamber;  b)  the  time 
structure  of  the  circulating  Doam;  c)  the  impulse/momen tum/p ulse  of 
protons;  d)  the  loss  of  protons  in  the  region  of  the  location  of 
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transformer. 


7.2.  Results.  At  present  cne  precision/accuracy  cf  the 
calibration  of  transformer  composes  lo/o.  In  the  process  of  tests  was 
conducted  thorough  intercaiioratiou  of  transformers  under  the 
following  conditions:  a)  a  change  m  the  average/mean  radial  position 
of  beam  on  40  mm;  b)  transition  rrcm  the  bunched  beam  to  that 
grouped;  c)  a  change  in  tne  imp ulse /momentum/pulse  from  6  to  24 
G.ev/s;  d)  an  increase  cf  tne  losses  of  intensity  in  the  circulating 
beam  to  50o/o  during  30  ms  on  internal  target,  .Located  at  a  distance 
of  50  cm  before  one  of  the  transformers. 


Thus,  it  was  possible  to  ostanlish  that  the  precision/accuracy 
of  calibration  lies/rests  witnan  tne  limits  of  one  percent.  Further 
checking  consisted  of  tne  comparison  of  readings  of  two 
structurally/construct uraiiy  different  transformers  -  current 
transformer  of  the  circulating  beam  and  current  transformer  for  the 
channel  of  rapid  conclusion/cut p ut.  These  measurements  were  carried 
out  during  the  rapid  conciusion/output  with  the  very  low  losses. 
Results  coincided  with  the  precision/accuracy  better  than  lo/o  (Fig 
1)  . 
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ciq.  1.  Photograph  of  signals  from  the  outputs  of  current 
transrormers,  mixed  in  straignc  sections  No  No  42  and  72,  during 
entire  cycle  of  accelerator.  Both  signals  coincide  with  the  accuracy 

or  lo/o;  the  scale:  x  axis  -  200  as/div;  axis/axle  y  (channels  1  and 
2)  -  2  V/div. 


Key:  ( 1)  .  "target  •  (2).  Rapid  conclusion/output.  (3).  slow 
conclusion /out put. 


9.  Detector  of  the  position  of  tna  beam  of  slow  conclusion/output 
(SEPD)  [26]. 


8.1.  Operating  principle.  According  to  the  operating  principle 
this  detector  is  analogous  to  taa  detector,  developed  by  Hornstrom 
for  the  accelerator  in  Argonne  [27J.  Proton  beam  ionizes  residual  gas 
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along  trajectory;  in  those  places  where  beam  of  protons  passes 
through  thin  screens  within  vacuum  chamber,  it  frees  electrons  due  to 
the  secondary  emission. 

The  electron  stream,  caused  oy  both  factors,  is  amplified  due  to 
the  reignition  and  is  denved/ccncluded  with  the  aid  of  the  electric 
field  to  cut  off  along  the  line  differential  electrodes  (Fig.  2). 

Page  86. 


Amplification  factor  can  oe  regulated  due  to  a  change  in  the 
stress/voltage  of  the  electric  intensity  and  pressure  in  the  gas. 

3.2.  Technical  characteristics:  range  of  measurements  +-50  mm; 
resolution  0.1  mm;  range  or  intensity  of  beam  from  1011  to  1013 
protons  per  pulse;  passnana  from  0.001  Hz  to  1  kHz  and  and  higher: 
no-flow  length  of  beam  J00  mm. 

8.3.  Construction/design,  a)  detector.  Measuring  and 
high-voltage  electrodes  are  snown  m  Fig.  3.  Beam  falls  into  tha 
sensor  to  the  left. 

Measuring  electrodes  are  arranged/located  symmetrically  relative 
to  beam  so,  that  did  net  appear  mixing  of  zero,  voltage  on  the 
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hi.gh-v0lta.7e  electrode  can  he  red  to  the  value  of  25  kv. 

b)  -fhe  description  of  the  possibilities  of  sensor.  Fig.  4 
depicts  completely  the  measuring  system:  in  the  right  angle  the 
detector,  establisned/instailcd  on  the  mounting  base,  rrora  the  left 
side  is  shown  the  control  ^duei  ana  above  it  is  depicted  high-voltage 
power  supply.  The  preamplifier  (it  is  shewn  in  the  center)  is 
connected  with  the  detector  with  tne  aid  of  the  differential  cable 
with  a  length  of  5  m.  The  differential  and  total  signals,  which  enter 
from  the  output  of  preamplifier,  ara  converted  analog  type  by  divider 
into  the  signal  of  position.  Tne  signals  of  intensity  and  position  of 
beam  enter  the  display  unit  in  tha  analog  form.  Further  these  signals 
can  be  measured  and  he  reproduced  in  the  digital  form  at  any  moment 
of  operating  cycle. 

The  calibration  of  datector  is  accomplished/realized  between  ti;c 
consecutive  cycles  with  tne  aid  of  the  special  test  signal. 

Adjustment  and  calibration  of  preamplifier  can  be 
acccmplished/realized  reaota/distance  by  means. 

The  automatic  control  of  leakage  with  the  aid  of  the  system  of 
servostabilization  in  the  datector  makes  it  possible  to 
remotely/distance  support  the  operating  pressures  of  order  ID"3  -  760 
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8.4.  Results.  Fig.  5  snows  tna  signals  of  intensity  and  position 
(upper  curve)  for  the  team  of  slew  conclusion/output.  Intended 
badly/poorly  controlled  automatic  ueau  spill  to  the  target  was  the 
reason  :cr  modulation  ci  the  signal  of  intensity  at  the  end.  The 
signal  of  position  whicn  do  not  afreet  modulations  of  the  signal  of 
intensity,  maxes  it  possinla  to  saxs  the  conclusion  that  the  divider 
functioned  exactly. 
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Fig.  3. 


Pig.  4. 


Fig,  3.  view  of  nigh-voltage  ana  measuring  electrodes  SSPD. 


Fig.  4,  General  view  of  detector  or  position  of  beam  of  slow 
conclusion/output  (SEPD)  . 


Page  87. 


Fig.  6  gives  results  for  spill  on  the  target  of  signal  in  depth 
of  modulation  lOOo/o.  At  the  end  of  each  cluster  is  observed  certain 
displacement  of  the  signal  of  position.  Calibration  coefficient  was 


egual  to  1  V/cra  beam  displacement. 
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The  resolution  of  recording  tat-  position  of  b?am  with  the 
interference  effect  and  pulsations  was  0.1  mm  (signal  of  intensity 
lay/rested  in  the  range  10-IGoo/o  of  the  peak  signal  for  divider). 


9.  Ionizing  device/aguipiaent  ror  Scanning  of  beam  (IBS)  . 


IBS  relates  to  these  not  destroying  beam  to  t'.j  sensors  which 
are  intended  for  measuring  tna  projection  of  density  distribution  of 
protons  in  external  or  internal  neams  of  synchrotron.  On  these 
projections  ca:.  be  estaolisnea/iustalled  the  sizes/dims nsions  of  beam 
and  is  obtained  information  r*~ative  to  distribution  of  density  of 
urotons. 


9,1.  Operating  principle.  Iha  principle  of  operation  IBS  is  in 
sufficient  detail  described  i:i  me  internal  reports  of  CERN  [  28,  29  ] 
and  in  the  works  of  American  national  conference  of  1969  on  the 
particle  accelerators  [30]. 


In  short,  tue  principle  of  operation  IBS  consists  of  the 
measurement  of  the  signal,  proportional  to  a  number  of  electrons, 
Ireed/release  '<  with  tl^  ionization  by  beam  of  the  protons  of  residual 
gan  in  vacuum  chamber.  Fc-  steering  of  electrons  along  the  cycloidal 
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trajectory  of  a  small  radius  xa  tne  electrical  equipotential  planes 
are  utilized  mutually  perpendicular  electrical  and  magnetic  fields. 
These  equipotential  surfaces  xn  operating  region  of  the  pass  -ge  of 
proton  beam  are  unifcrm  and  parallel  to  the  direction  of  beam.  Under 
these  conditions  spatial  distribution  of  the  electrons,  which  move 
along  equipotent ial  surfaces  of  electric  field,  being  the  orthogonal 
projection  of  density  distribution  of  protons  in  the  beam.  Fig.  7 
will  help  to  better  clarify  tins  process. 

One  additional  special  f eature/pecu liar ity  IBS  lies  in  the  fact 
that  electron  stream,  emitted  ay  proton  beam,  it  is  measured  with  aid 
one  detector  with  the  higa  tnree-dimensional/space  resolution  and  the 
characteristic  time  cf  the  order  of  one  microsecond.  This 
mode/conditions  or  scanning  is  reached  because  the  detector  is  under 
the  potential  of  ths  earth,  waile  to  the  pair  of  electrodes,  which 
generates  the  basic  °lectric  field  IBS,  simultaneously  are  supplied 
the  symmetrical  triangular  impulses/mome nta/pulses  of  high  voltage. 
Equipotential  surface  wita  the  zero  potential  which  under  normal 
conditions  passes  through  tne  center  of  the  scanning 
device/equipment,  during  the  supplying  of  the  signal  of  triangular 
form  will  be  mixed  to  tne  right  aad  to  t^e  left  in  that  region  where 
is  passed  proton  beam.  Since  the  detector  can  recover  only  those 
electrons  which  move  alcrg  or  near  equipotential  surface  with  the 
zero  potential,  to  it  will  alternately  supply  the  electrons  from  each 
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part  of  rhe  beam,  througn  wnion  passes  eguipotanrial  surface  with 
zero  potential.  Fig.  8  snows  rns  series  of  diagrams  IBS  and 
configuration  of  electric  neid  in  the  process  of  one  cycle  of  the 
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Pig,  5.  Photographs  of  signals  from  SEPD  during  the  slow  beam 
extraction.  Upper  curve  -  signal  or  position  .  (&/2)-5  V/div. ;  lower 
intensity  (total  signal,  £  2  V/div.  ;  x-axis  -  one  large  division 
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Fig.  6.  Photographs  of  signals  rrom  SEPD  for  the  conclusion/output 
with  lOOo/o  modulation  of  intensity.  Upper  curve  -  &/S,5  V/div.; 
lower  curve  £.,5.  °f  V/div.;  x-axis  -  one  large  division  -  50  m/s. 
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Fig.  7.  Extraction  of  the  elections  of  their  of  that  ionl  ad  by  the 
proton  baara  of  gas  with  ta;=>  usa  or  the  lattice-type  electrical  and 
magnetic  fields.  The  drift  velocity  of  electrons  'V-E/B,  a  radius  of 
cycloid  R-fc^+C^E/B/J  ^2(£a)~1;e  ~  ^ne  electron  charge,  t  -  mass  of 
electron;  E,  3  -  intcnsity/str angtn  of  electrical  and  magnetic 
fields;  -  component  of  caa  initial  velocity  of  alectron  in  the 

direction  of  electric  field;  *„>-  the  same,  but  in  the  direction, 
perpendicular  to  electrical  and  magnetic  field. 

Page  88, 

The  basic  nodes/units  of  datactor  are  two  closely  spaced 
electrodes,  that  are  located  under  constant  voltage  +30  V  and  -30 
into  rele.tively  the  earth/yrouna.  These  electrodes  serve  for 
generation  of  electric  field  wmcn  guides  electrons  into  the 
neck/thrcat  of  detector  and  forces  them  to  move  over  the  cycloid  to 
the  first  dynode  of  electron  multiplier.  These  electrodes  fulfill  th 
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functions  of  collimator  for  uosa  electrons  with  the  large  energy, 
which  move  over  the  cycloid  of  a  large  radius,  and  also  for  those 
electrons  which  move  along  eguipctential  surfaces  with  the  potential 
beyond  the  limits  +  -30  V,'  The  distinctive  special  feature/peculiarity 
1 3 S  lies  in  the  fact  that  the  tnree-diaensional/space  resolution, 
i.e.,  the  width  of  the  zcne  of  oeam,  which  falls  in  the  field  of  the 
scanning  of  detector,  depends  on  tne  potential  difference  of  +-30  V; 
within,  certain  limits  inis  difference  can  be  varied  very  simply  due 
to  a  change  of  voltages  cn  the  working  electrodes  of  detector, 

9.2.  (Jses/applications.  At  present  are  developed/processed  and 
ace  applied  in  practice  several  modification  IBS:  a)  vertical  or 
radial  scanning  of  the  circulating  beam  of  the  synchrotron  (it  is 
operated) ,  range  of  scanning  from  100  Hz  to  10  kHz,  pressure  from 
3x10"7  to  5x10“*  Torr  i  tne  vertical  or  radial  scanning  of  the 
circulating  beam  of  synchrotron  (for  the  investigations) ,  the  range 
of  scanning  from  10  Hz  to  500  xHz,  pressure  from  3x1Q“7  to  5x10 "6 
torus;  c)  the  beam  of  slew  conciusion/output ,  the  range  of  scanning 
50  Hz,  pressure  by  10”*  Torr;  d)  tne  scanning  de vice/eguipment  which 
will  be  utilized  as  the  detector  of  scatter  of  particles  on  the 
energy  in  50  MeV  spectrometer,  tne  range  of  scanning  400  kHz, 
pressure  1CT5  toxus;  e)  four  pairs  in  the  injector-accelerator  of 
synchrophasotron,  the  scanning  of  each  of  four  rings  in  the  radial 
and  vertical  planes.  Range  of  scanning  from  100  Hz  to  300  kHz, 


****#^-~  **+w* vimMtm&cmm*  ,  <-^— . «— — 
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pressure  from  3»10”7  tc  3»10*“'»  torus. 

The  length  of  the  phase  or  trajectory  of  the  proton  beam,  on 
which  occurs  the  extraction  of  electrons,  usually  is  from  3  to  10  cm. 
The  three-dimensional/space  resolution  can  be  higher  than  1  mm. 
Frequency  range  of  scanning  can  reach  500  kHz,  although  it  must  be 
noted  that  modulation  cf  intensity  due  to  the  time  structure  of  beam 
limits  the  use  of  high  frequencies  of  the  scanning  by  in  practice 
those  cases  when  beam  has  tne  grouped  structure,  for  example 
immediately  after  injection  into  tnc  ring  of  synchrotron.  The 
operating  range  of  pressure  dipeadmg  on  requirements  can  be  from 
3«10“'7  to  5»10~s  torus. 

9.3.  Calibration  IBS  in  circulating  beam  of  synchrotron  was 

conducted  with  the  aid  cf  measurement  of  sizes/dine nsions  of  beam 

with  use  of  forked  targets  (section  4.5).  The  comparison  of  results 

can  be  carried  out  only  for  tne  ueams  with  the 
\ 

impulses/momenta/pulses  from  3  to  z0  GeV/s.  In  this  range  for  the 
beams  by  siza/dimension  from  3  to  15  mm  (95o/o  of  the  maximum 
altitude)  the  results  or  calibration  coincided  with  an  accuracy  to 
several  tenths  of  millimeter  [31]. 


Important  condition  or  correct  determination  of  the 
cizes/dimensions  of  beam  on  tne  signals  of  the  scanning 
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device/equipment  -  knowledge  or  tna  characteristics  of  the 
instrumant/tool  expansion  of  the  cross  sections  of  beam  due  to  the 
final  three-dimensio nal/space  resolution  of  instrument.  Thesa 
characteristics  it  is  very  difficult  to  calculate;  however,  they  were 
determined  experimentally  oy  cue  ftigh-precision  measurement  of  the 
cross  sections  of  the  collimated  circulating  beam  in  the  synchrotron. 
Thesa  measurements  were  conducted  ror  several  different  adjustments 
of  the  thrae-dimensional/spaca  resolution  (voltage  on  the  working 
electrodes  of  detector)  of  tne  scanning  dsvice/equipment  (Fig.  9) . 

The  dependence  of  the  Sizas/diiaensions  of  beam  on  the  electrode 
voltage  proves  to  be  rectilinear,  as  shown  in  Fig.  10.  The 
extrapolation  of  the  linear  dependence  indicated  to  tha  zero  voltage 
allows  to  determine  the  actual  sizes  of  beam.  Furthermore  on  the 
inclination/slope  of  straignt  line  it  is  possible  to  correct 
experimental  results  taxing  incc  account  the  expansion  of  beam  over 
the  section  for  those  cases  waen  is  f ixed/reccrded  only  the 
adjustment  of  the  three-diaensicnai/space  resolution. 


sc;  r.ning 
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Fig.  9.  Obtained  with  the  aid  or  IBS  elevation  profile  at  the 
diffarant  values  of  instruu«nt/toci  broadening  (voltage  on  the 
detector  electrodes) . 


Page  39. 


9.4.  Results.  For  lac*  of  space  in  this  article  there  is  no 
possibility  to  give  the  detailed  description  cf  the  results,  obtained 
with  the  aid  of  (I3S) . 


In  the  given  figures  (Fig.  11-19)  are  clarified  the  basic 
special  features/peculiarities  of  neatn.  Raster  images  are  always 
scanned  in  the  direction  on  top  in  the  direction  downward.  The  pilot 
signal  cf  the  scanning  voltage,  ca*en/re moved  directly  with  IBS,  was 
utilized  as  the  horizontally  deflecting  voltage  of  raster  image, 
which  thereby  could  be  calibrated  in  accordance  with  the  position  of 
beam  within  the  meter. 
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division  -  50  as ;  the  hcrizoacax  scale;  one  large  division  -  15  mm. 

Kay;  (1).  Jnjection.  (2).  Critical  energy.  (3).  Slow 

cor.cl  nsicn/output  with  12GeV.  (4).  Rapid  conclusion/output  with  17 

SeV.  (5).  Target  1  and  d.  (o)  .  ‘lime  of  conclusicn/output  0.5  s. 
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Fig.  12. 


Fig.  13, 


Fig.  12.  Rapid  scanning  (J.  3  ps)  of  profile/airfoil  vita  the  aid 
of  IQS  in  radial  plane  (ri^nt  after  injection) .  Accelerating  voltage 
is  r.ot  switched  off.  a)  caam  is  displaced  to  inside  chamber  wall;  b) 
the  same,  hut  in  the  presence  of  coherent  oscillations.  Horizontal 
scale;  one  large  division  or  c3. 3  cm. 


Fig.  13.  Rapid  (3.3  ms)  scanning  of  elevation  profile  of  beam  with 
svitched-off  accelerating  voltage,  a)  protons  filled  only  the  half 
the  perimeter  of  accelerator;  tner^fore  each  second  scanning  ray/beam 
passes  along  the  horizontal  axis;  o)  scanning  is 

accoraplished/realizod  witn  tne  completely  filled  accelerator,  but  are 
present  coherent  betatron  oscillations.  Horizontal  scale;  one  large 


division 


2  cm 
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Fig.  14. 


Fig.  14.  Elevation  profile  of  oeam  of  large  energy  (it  is  obtained 
with  the  aid  of  IBS) ,  circulating  m  proton  synchrotron  in  "plateau" 
of  magnetic  cycle.  In  the  lower  tnrae  curves  is  shown  the  beam  after 
its  collimation  with  the  aid  of  tae  fork  target  (distance  between  the 
teeth  -  3.5  mm).  Instrument/tool  broadening  -  2.2  mm.  Horizontal 
scale:  one  large  division  of  5.0  mm. 

Fig.  15.  Dual  beam  in  radial  plana,  which  is  formed  during  debunching 
(energy  27  GeV)  in  "plateau"  of  magnetic  cycle.  Vertical  scale:  one 
large  division  -  100  ms;  the  norizontal  scale:  one  large  division  - 


15  mm 


I 
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Fig.  16.  Dual  beam  in  vertical  plane,  formed  due  to  instability, 
which  is  observed  on'  energy  10  GeV.  This  instability  normally  is 
eliminated;  photogrph  is  obtained  m  the  process  of  executing  the 
study  program  of  accelerator. 


Vertical  scale;  one  large  division  -  8  ms  the  horizontal  scale; 
one  large  division  -  10  nun. 


Fig.  17.  Obtained  with  the  aid  of  IBS  elevation  profile  of  beam 

vo.vramd  and  right  after  injection.  Modulation  of  intensity  is 

connected  with  the  formation  of  separate  clusters.  Time  of  one 

scanning  -  50  ps.  The  horizontal  scale:  the  sizes/dimensions  of 

photograph  correspond  to  approxiaately/exemplarily  8  cm  of  the 
aperture  of  synchrotron. 


Key;  (1)  .  Injection 
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Fig.  13. 


Aememopu 


Fig.  13.  This  photograph  depicts  just  as  Fig,  17,  elevation  profile 
of  beam  in  time  after  injection,  but  with  very  rapid  scanning. 


I  The  sizes/dimensiens  of  paotograph 
correspond  to  8  cm  of  the  apertuxe  of  sy 


in  the  horizontal 
nchrotron. 


direction 


Fig.  19.  System  IBS  proposed  wita  two  collectors/rsceptacles  for 
simultaneous  detection  of  electrons  from  two  edges  of  beam.  With  the 
aid  of  this  device/aquipmant,  studying  phase  relationships/ratios  at 
the  outputs  of  two  detectors,  it  is  possible  to  distinguish  the 
coherent  and  incoherent  oscillations  envelope  of  particles. 


Key:  (1).  Detectors.  (2).  kY,  (3).  equipotantial 
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Present  article  is  partially  survey  work;  therefore  we  want  to 
note  works  whose  those,  names  chay  are  mentioned  in  the  bibliography. 
For  the  participat io n  in  rne  aevelopment  of  devices  described  in  the 
second  part  of  the  report,  we  are  jrateful  to  A.  Barlet,  and  also  to 
colleagues  of  the  vacuum  section  of  thQ  division  of  proton 
synchrotron  for  the  permanent  aid  in  the  development  and  testing  SEPD 
and  IBS,  we  are  also  grateful  to  V.  Sent  Albert  for  the  the  technical 
assistance  and  to  the  operators  of  the  hall  of  the  control  of  proton 
synchrotron  for  the  support.  G.  D«ms  and  T.  Dorenbos  proposed  the 
series/row  of  improvements  IBS  for  proton  synchrotron  and  booster  of 
preton  synchrotron.  L.  Icrnaal*  participated  partially  in  the  work, 
described  in  section  9. 


Finally,  we  want  to  thank  Jean  Eddisor.  for  her  aid  in  the 
preparation  of  this  article. 
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Discussion. 


I.  P.  Karabekov.  Uhich  energy  of  electrons  in  scanning  beam? 


K.  D.  Johnson.  Energy  of  electrons  100  eV.  All  electrons  with 
the  energy,  which  excesds  this  value,  are  collimated  off. 
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Page  92. 

114.  STRUCTURAL  SOLUTIONS  FOR  COMPLEXES  CONSISTING  OP  POWER-SUPPLY 
SYSTEMS  AND  EQUIPMENT  FOB  CENTRALIZED  DIGITAL  MONITORING  AND  CONTROL 
FOR  SYNCHROTRONS  AND  BEAM-TH ANS EORT  CHANNELS 

V.  P.  Gerasim,  0.  A.  Gusev,  S.  Ya.  Kolesov,  S.  S.  Reshin,  A.  A. 
Tunkin. 

(Scientific  research  institute  of  the  electrophysical  equipment  in. 

D.  V.  Yefremov) . 

To  the  contemporary  multiunit  ones  of  the  complex  of  the  systems 
of  power  of  accelerators  and  channels  of  conclusion/output  from  the 
accelerators  are  presented  the  following  basic  requirements. 

1.  Output  parameters  of  systems  must  have  lasting  stability  in 
view  of  complexity  of  current  adjustment  of  drift  by  hand. 

2.  Must  be  provided  possibility-  of  remote/distance  setting  of 
output  parameters  of  all  systems,  including  codes  from  programmers  or 
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ETsVM  [digital  computer]. 

3.  Complex  must  be  equipped  with  equipment  for  precision  check 
of  all  forms  of  electrical  para  eaters  with  data  extraction  in  digital 
fora  (by  printed  digital  output,  memory,  and  ETsVH)  . 

4.  In  complex  of  systems  of  pulse  supply  must  be  provided  for 
system  of  branched  step  ty  step  check  of  nominal  values  (♦- 
allowance)  of  parameters  ox  each  power-supply  system,  which  analyzes 
state  of  complex  in  all  stages  of  its  functioning  and  which  controls 
keys/wrenches  of  stages  in  synchronizer  (timer)  of  complex  -  system 
of  dynamic  blockings  (EB). 

In  connection  with  tne  systems  of  beam  extraction  from  the 
accelerators  system  DB  must  exclude  functioning  the  systems  of  orbit 
perturbation  with  the  inadmissible  divergences  from  the  nominal 
current  strengths  in  the  magnets  of  the  channels  of  beam  transport 
and  thereby  -  incidence/impxngeneat  of  beam  for  the  walls  of  channel 
and  its  activation.  Requirements  on  paragraphs  1  and  2  entirely 
answer  digital  regulating  circuits  (SAR)  with  the  discretely 
controlled  regulator,  the  digital  supports,  the  error  amplifiers  and 
(for  multiple-contour  SAE)  the  calculators  of  the  resulting  cede  of 


error 
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The  construction  cf  digital  5AR  is  especially  expedient  in  cases 
when  the  output  parameter  easily  is  led  to  the  time  characteristics, 
with  the  how  conveniently  nigh  pracision/accuracy  which  are 
reprasentad  in  the  digital  fora,  roc  example,  during  the 
stabilization  of  the  relation  of  constant  and  variable/alternating 
components  of  the  current  of  the  electromagnet  of  synchrotron. 


In  this  case  the  task  is  reduced  to  the  stabilization  of  the 

time  interval  between  the  impulses/momenta/pulses  from  the 

ferromagnetic  probes  in  the  clearance  of  electromagnet  (Pig.  1).  Pig. 

2  gives  the  block  diagram  of  digital  SAB ,  solving  this  task  with  the 

« 

precision/accuracy  2*10"'*;  system  has  redundant  mesh  of  the  control 
on  the  stress/voltage  selecting  the  temperature  instabilities  of  the 
circuit  elements  of  synchrotron. 


The  advantages  of  digital  SAB  are  retained  also  for  the 
stabilization  systems  of  direct  currents  and  stresses/voltages,  if 
available  precision  analcg-t o-digita.l  converters  (ATsP)  for  the  given 
parameters.  Pig.  3  show  the  diagram  of  digital  SAB  of  the  direct 
current  (unit  Ka)  of  electromagnet,  the  ensuring  precision/accuracy 
of  stabilization  5*10~4.  ATsP,  which  consists  of  DT  (current-sensing 
device  -  comparison  circuit)  and  IPT  (source  cf  saw-tooth  current)  , 
is  realized  on  one  of  the  base  diagrams,  shown  in  Fig.  4. 
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With  the  requited  piecision/accuracy  of  stabilization  not  better 
than  10- 3  is  expedient  the  use/a {plication  of  analog  SAR  with  the 
program  reference- voltage  sources  (PION)  of  the  type  of 
digital-analog  converters  (TsAP)  -  Fig.  5. 


Pig.  2.  Functional  diagraa  of  digital  SAH  of  stabilization  of  field 
of  electromagnet  of  synchrotron.  PIK  -  converter  interval-code;  TsfU 
-  digital  computer  {suanarorj  ;  £81  -  converter  volt  age- interval;  uo 
control  unit;  ZU  -  memory  unit;  'IssiPO  -  digital  systen  of  the 
pulse-phase  control. 


Key:  (1).  Code  from.  (2).  Code  to 
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Fig.  3.  Functional  diagram  of  digital  SAR  of  the  stabilization  of 
direct  current  in  the  electromagnet. 

Key:  {1).  Code  to.  (2)0.  Code  from. 

Page  93. 

At  present  there  are  industrial  TsAP  with  the  precision/accuracy 
of  order  10“3  with  the  delay  of  exit  stress/vcltage  froa  the 
moaent/torque  of  the  admission  cf  the  code  not  acre  than  20  ps,  in 
NIIEPA  are  developed  TsAP  on  the  aagneto  controlled  contacts  with  the 
appropriate  parameters  10~*  and  1Q~3  s.  Digital-analog  SAR  in  view  of 
the  in  principle  high  freedom  froa  interference  of  nuaerical  controls 
are  pronising  on  the  objects,  unattainable  for  the  control  for 
coaaunication  along  vires. 
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Equipment  KEP  and  DE  let  us  examine  in  connection  with  the 
complex  of  the  power-supply  systems  of  the  channels  of 
conclusion/output  free  the  synchrotron  of  IF7E.  Observation  and 
measurement  of  all  electrical  signals  in  the  systems  (current  pulses 
and  stresses/voltages  by  duration  from  hundreds  of  ps  to  units  s  and 
constant  values)  are  performed  ny  systea  KEP  of  the  following 
coaposition: 

1)  pulse  digital  vcltaeter  of  the  instantaneous  values  ITSVH3-4 
(development  of  NIIEPA)  witt.  precision/accuracy  ♦- 0.03o/o  for  the 
deration  of  selection  3  ps  in  the  assembly  with  tiaer  and 
bloc)c/aodule/unit  of  the  lastmy  memory; 

2)  the  digital  voltaeter  of  direct  current  72-19  with  the 
precision/accuracy  ♦-5*1Q"'*; 

3)  dual-trace  oscillograph  with  the  memory  Si-51  in  the  assembly 
with  the  bloc k/aodule/ unit  of  the  automatic  coapensator  of  the  larger 
part  of  the  input  signal  for  the  observation  on  the  large/coarse 
scale  of  pulse  apex. 

The  given  instruments  are  connected  to  the  sensors  of  the 
control  values  by  pushbutton  commutator  simultaneously  vith  control 
knebs  of  the  settings  cf  the  saae  values. 
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Fig.  6  shows  the  generalized  block  diagram  of  DB  of  the  complex 
of  the  power-supply  systems  of  the  channels  of  the  conclusion/output 
cf  proton  synchrotron  cf  the  IFVE. 

System  DB  is  controlled  by  sync  pulses  of  the  devices/equipment 
of  the  channels  of  conclusion/output.  Blocking  is 

accomplished/realized  into  three  stages.  Sources  of  the  information: 
a)  the  total  contacts  cf  static  blocking  (I  stage);  b)  the 
two-threshold  discriminators  of  stress/voltage  (II  stage) ;  c)  the 
two-threshold  discriminators  of  current  (III  stage)  .  During  the 
disturbance/breakdown  of  the  operating  mode  is  blocked  trigger  pulse 
and  is  supplied  signal  to  the  dascharge/break  of  the  already 
connected  devices/equipaent.  Indicator  indicates  address  and  stage  of 
the  emergence  of  malfunction. 


Fig.  4.  Base  diagrams  of  ATsP  of  direct  current.  Functional  diagrams 
of  current-sensing  devices,  a)  cn  the  blocking  oscillator;  b)  on  the 
ferromagnetic  probe;  c)  time  graphs;  PBBI  -  program  block/module/unit 
of  standard  interval;  EICK  -  converter  interval  error-code. 


Key;  (1).  Output.  (2).  Discharge.  (3).  Starting/launching 
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Key:  (1).  Power  supply.  (2).  Eagulator.  (3).  load.  (4).  Sensor.  (5). 
.Aaplifiar.  (6)  .  Error  detector-  (7)  .  Progran  reference-voltage 
source.  (8).  Adjusting  coda  froa  E?sVH.  (9).  Digital  inforaation  to 
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Fig.  6.  Generalized  blcck  diagram  of  system  LB  of  the  channels  of 
conclusion/output. 

Key:  (1).  From  static  blocking  of  systems.  (2),  Froa  discriainator  of 
stresses/voltages.  (3)  •  Froa  discriainator  of  currents.  (4)  .  stage. 
(5).  Key/wrench.  (6).  Request.  (7).  Froa  tiaing  mechanism.  (8). 

Charge  Nak.  El.  (9).  Discharge  Nak.  El.  of  channel 
(starting/launching).  { 1 0> .  Discharge  de  vice/equipaent  of  orbit 
perturbation.  (11).  Disc  bar ge/break.  (12).  Indicator  of  ...  stage. 
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Discussion. 

V.  V.  Tsygankov.  In  what  state  is  the  developed/processed  system? 

0.  A.  Gusev.  System  is  developed  for  the  Yerevan  synchrotron  and  it 
will  be  soon  put  into  operation.  Here  conducted  the  investigations  of 
system  in  the  mock-up  cf  the  poeer-supply  system  of  Yerevan 
accelerator  in  NIIEFA.  Are  developed,  tested  and  are  made  systems  for 
extraction  channels  of  Serpukhov  accelerator. 
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115.  INVESTIGATION  OF  THE  PERIODIC  INSTABILITIES  OF  THE  INTENSITY  OP 
THE  ACCELERATED  BEAN  ON  liiE  YEREVAN  ELECTRON  SYNCHROTRON  AND  THEIR 
ELI  HI  NATION. 

S.  K.  Yesin,  K.  A.  Sadoyan,  A.  R.  Tumanyan. 

(Yerevan  physical  institute). 

The  investigations  cf  the  nodes  of  operation  of  Yerevan 
electronic  synchrotron  at  the  initial  stage  of  its  operation  made  it 
possible  to  reveal/detect  the  considerable  fluctuations  of  the 
intensity  of  the  accelerated  beam  from  one  cycle  to  the  next.  The 
typical  character  of  such  fluctuations  is  shown  on  the  lower  ray/bean 
of  oscillogram  (Fig.  1A) .  With  the  aid  of  computers  "Nairi"  was 
produced  a  harmonic  analysis  of  these  fluctuations  at  the  length  of 
the  interval  of  1.49  s  (69  cycles  of  acceleration).  The  table  gives 
the  obtained  values  of  Fourier  coefficients  for  the  harmonic 
components,  who  correspond  to  the  frequencies  indicated. 

The  presence  of  the  sharply  pronounced  harmonics  with 
frequencies  -2.6;  -5.2;  -7.8  Hz  made  it  possible  to  make  the 
assumption  that  the  basic  contribution  to  the  fluctuations  of 
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intensity  introduces  the  play  at  frequencies,  multiple  we-uk  and 
<ou-cok: 

2  ~  V  £  [8nsin  n(a>c-o>k)t+c'ncos n(wc-wk)t]  + 

+  S  [8KSi,nk^u~aik)t^c'KC03k(cou-WK)t],  (1) 


where  wc,  cou  and  coh  -  respectively  angular  frequencies  of  industrial 
network/grid,  autonomous  stable  source,  feeding  injector,  and 
resonant  circuit  of  electromagnet. 


80069308 


WMMiUuMi^w  ...^•».^^.  i  VA'.L.- V .  .V. . .  j" 


Fig.  1.  Oscillograms  of  the  intensity  of  the  accelerated  beam,  play 
of  stresses/voltages  networJc-contour/out  line, 
in  ject or-contour/outlin« . 
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Since  wc  and  <ou  are  very  close  in  the  value,  then  for  the 
determination  of  the  basic  source  of  instability  was  recorded  the 
play  of  stress/voltage  at  frequencies  <*>u-wK  (upper  ray/bean  in  Fig. 

U)  and  (oc~wK  (average/mean  ray/baaa  of  the  same  figure).  Then  was 
constructed  the  character  of  a  change  in  the  intensity  of  beam  in  the 
cycles,  which  correspond  to  the  identical  phase  of  play  at  frequency 
“tT^k  (curve  1,  Fig.  2)  and  in  the  cycles  in  which  is  retained 
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constant  the  phase  of  play  at  frequency  ue‘wir  (curve  2,  Pig.  2). 
Proa  Pig.  2  it  is  evident  that  the  basic  contribution  to  the 
fluctuations  of  intensity  gives  play  between  the  frequency  of 
resonant  circuit  and  the  oscillator  frequency  of  the  stable 
stress/voltage,  which  feeds  injector. 

It  should  be  noted  that  the  frequency  cf  *ost  strong  harmonic 
will  agree  with  the  frequency  of  the  aggregate/unit  of  rhe  stable 
supply  of  injector. 

The  majorities  of  the  nodes/units  of  injector  are  supplied  from 
the  single-phase  full- wave  rectifiers.  In  this  case  the  operational 
characteristics  of  these  nodes/unrts  fluctuate  with  the  frequency, 
equal  to  the  double  frequency  of  the  feeding  source. 

As  a  result  of  a  difference  in  the  frequencies  of  resonant 
circuit  of  electromagnet  and  the  generator,  which  feeds  injector, 
occurs  the  "slip”  of  the  moment/torque  of  injection  along  the  phase 
of  the  pulsations  of  power  supply.  If  the  optima  value  of  the 
parameter  is  selected  so  that  it  lies/rests  at  the  middle  of  the 
interval  of  pulsations,  then  the  frequency  cf  intensity  can  be 
determined  according  to  formula  n>a-4(cou-coK) .  But  if  the  optimum  value 
of  the  parameter  is  located  beycnd  range  of  oscillations,  then 
intensity  will  be  changed  with  frequency  <o1-2(wu-a)k). 
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Sespectively  the  nodas/uaits,  supplied  from  the  three-phase 
full- wave  rectifiers,  can  he  the  reason  for  fluctuations  at 
frequencies  u>u- i2(qu-<*»k)  and  co*»  6(cuu-a>K) . 

If  energy  storage  m  the  storage  element  of  supply  power  of  this 
node/unit  occurs  during  the  sarias/row  of  the  consecutive  cycles  (but 
not  in  the  separate  cycle),  then  the  depth  of  modulation  of  intensity 
will  be  inversely  proportional  wu-o>K.  Proa  the  table  it  is  evident 
that  the  basic  contribution  to  the  fluctuations  of  intensity 
introduce  harmonics  M<*>u-u)k)  and  2(oou-coK). 

On  the  basis  of  described  analysis  was  produced  the 
translation/conversion  into  the  synchronous  with  the  current 
generator  of  the  focusing  coils  of  injector,  since  the  currents  into 
the  bottom  with  difficulty  yield  to  filtration  due  to  the  low 
apparent  resistance  of  coils.  As  a  result  of  fluctuation  the 
intensities  of  the  accelerated  bean  decreased  to  +-*15o/o  (Fig.  1b)  . 
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The  coefficients  of  expansion  in  the  Fourier  series  of  the 
fluctuations  of  intensity  from  cne  cycle  to  the  next. 


HoMep 

- - 73T - 

*iacroTa  HecTa- 
Gh/ilhocth,  ru. 

A  sin 

B  cos 

1 

0,6711 

-1,28285 

2,91631 

2 

1,3422 

0,95088 

-1,11612 

3 

2,0133 

0,11408 

-1,68135 

4 

2,6844 

1,10002 

-8,50192 

5 

3,3555 

0,09614 

1,15188 

6 

4,0266 

-0,31994 

1,64249 

7 

4,6977 

0,72566 

0,49897 

8 

5,3688 

9,38379 

-5,47806 

9 

6,0399 

1,70594 

2,40725 

10 

6,7110 

-0,86134 

2,53218 

11 

7,3821 

-0,64826 

1,60085 

12 

8,0532 

-1,05547 

2,43629 

13 

8,7243 

-0,46696 

0,69324 

14 

9,3954 

-0,57558 

2,34195 

IS 

•10,0665  . 

-0,72198 

1,03617 

16 

10,7376 

0,52924 

-0,52151 

17 

11,4087 

0,48443 

1,63172 

18 

12,0798 

-0,60476 

0,61265 

19 

12,7509 

-0,55062 

1,68013 

20 

13,4220 

-1,12302 

0,69577 

21 

14,0931 

-0,10295 

1,62518 

22 

14,7642 

0,48742 

1,65026 

23 

15,4353 

-0,43231 

0,69572 

24 

16,1064 

0,27081 

2,03027 

Key:  (1).  Number.  (2).  Frequency  of  instability,  Hz 


Fig.  2.  Dependence  ◦£  the  intensity  of  the  accelerated  beam  on  the 
phases  of  the  play  of  stress/voltage  network-contour/outline, 
in jec tor-contour /outline  1-Cci>xr-cok)t“  One ,  B  =0,  1,  2,  ...,  54; 

e=0,  1,  2,  ...,  56. 

\ 

Key;  (1)  .  cycles. 


Fig.  3.  Block  diagram  of  timing  mechanism  of  voltages  of  feeding 
generator  of  injector,  \  -  synchronizing  block/module/enit ;  2  - 
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amplifier  with  correcting  components/links;  3  -  magnetic  amplifier;  4 
-  direct-current  motor;  5  -  induction  motor  with  the  phasa  rotor;  6  - 
meter  of  frequency;  1,  8  -  blocks  of  the  substitution  of  induction 
motor  on  the  perturbing  effects;  9,  10  -  compensating 
components/links. 
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Was  further  developed  the  diagram  of  the  supply  of  entire  basic 
equopment  of  injector  frcm  the  generator,  synchronized  with  the 
contour/outline  (Fig.  3).  Txming  mechanism  provides  the  stabilization 
of  time  interval  from  the  moment  or  the  transition  of  voltage  of  one 
of  the  phases  of  the  synchronous  generator  through  0  to  the 
moment/torque  of  the  achievement  by  the  magnetic  field  of  the 
accelerator  of  field  level  of  injection  with  the  precision/accuracy 
♦- 10  ps.  Timing  mechanism  is  created  on  the  basis  of  the  principle  of 
invariance  with  respect  to  the  basic  external 

disturbances/perturbaticns:  the  instability  of  voltage  and  frequency 
of  power  line.  The  transfer  functions  of  blocks  9,  10  (Fig.  3),  which 
ensure  the  invariance  of  system  with  an  accuracy  to  £=0,i,are 
respectively  equal  to; 


Wo(p)-0,23 


(Q.l4p-»Q(0,32p+l) 

( 0,01  p  1)  (0,02  p  +  1) 


) 


(0,21p+1>(Q,32p-H) 

(Q,01p+1)(0,02jrM) 
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whera  p=dx/dt  and  x  -  output  paraneter  of  blocks. 

\ 

As  a  result  of  applying  the  dxagraa  of  pover  of  injector 
indicatad  was  providad  the  stability  of  the  intensity  froa  one  cycle 
to  the  next  not  worse  than  +-5o/c.  The  corresponding  oscillograa  is 
sh^wn  in  Pig.  1c.  It  is  evident  that  the  play  on  a  difference  in  the 
frequencies  is  absent  (average/aean  ray/beaa)  . 

(. 

116.  NONCONTACT  NBAS  OR Eh ENT  OF  BEAM  CURRENTS  OP  CHARGED  PARTICLES 
WITH  THE  AID  OF  THE  HALL  EFFECT . 


G.  I.  Razin,  7.  G.  savenko,  A.  P.  Shchelkin. 

(Scientific  research  institute  of  the  electrophysical  equipaent  ia. 
D.  V.  Yefrenov). 

1.  Introduction. 


The  noncontact  Hall  aetex  of  the  bean  currents  of  the 
chargad/loaded  particles  is  toroidal  concentrator,  encompassing  the 
beam,  in  clearance  (or  clearances)  of  which  are  placed  one  or  several 
Hall  pickups.  Sensors  are  supplied  froa  source  of  alternating 
current,  and  >af  of  Hall,  proportional  to  the  intensity/strength  of 
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the  field,  created  by  team  current,  it  is  amplified  with  the  aid  of 
the  selective  amplifier  ana  is  measured  by  dial  instrument  1  (Fig. 

1)  - 


The  basic  difficulties,  which  appear  during  the  creation  of 
measuring  meters  of  such  type,  consist  in  the  guarantee  of  the 
necessary  precision/accuracy  of  measurement  and  threshold  of 
response,  determined  by  tne  relationship/ratio  of  sensitivity  and 
additive  error.  Is  given  below  the  analysis  of  the  factors,  which  are 
determining  the  parameters  indicated. 

2.  Sensitivity  of  Hall  meters  of  currents. 

The  sensitivity  of  the  meter  of  the  bean  currents  of  the 
charged/loaded  particles  tc  a  considerable  degree  depends  on  the 
correct  selection  of  sizes/dimensions  and  material  of  concentrator. 
After  simple  mathematical  conversions  it  is  possible  to  find  the 
following  expression  for  the  sensitivity  of  meter  to  current  St  [2]: 

S{-  k _ ^ _ 

where  k--^Rxin;  rx  -  Hall  constant;  In  -  feed  current  for  the  Hall 
pickup;  m  -  magnetic  permeability  of  the  substance  of  concentrator;  D 
-  dianeter  of  the  center  line  of  concentrator;  d  -  width  gap.  With  ' 
small  clearances  when  d/tD<<1/p,  s^iL,  With  the  ample  clearances 
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even  larger  p ,  when  the  sensitivity  of  measuring  device 

virtually  does  not  depend  on  the  diameter  of  concentrator  and  is 
determined  only  by  width  gap  »  Vstmox’ "  TTo/iTF >whence 

aagnetic  permeability  of  substance,  required  for  guaranteeing  the 
prescribed/assigned  relation  st,/stmox  with  known  d  and  D,  is  equal  to 

tij  i _ 

d  Sterna.-1  ' 

Fig.  2  shows  family  of  curves  n-f(st/Slm0I),  ratio  vD/d  is  undertaken  as 
the  parameter. 


DOC  =  80069308 


FAGS  1)0) 


Fig.  1.  Block  diagram  o f  the  noncontact  aeter  of  the  bean  currents  of 
the  charged/loadad  particles.  1  and  2  Hall  pickups;  3  -  concentrator; 
4  -  source  of  alternating  current;  5  -  amplifier;  6  -  the 
phase-sensitive  rectifier;  7  -  dial  instrument. 

Page  97. 

Using  this  graph/curve,  it  is  possible  to  determine  the  minimum  value 
p,  at  which  Si/s(,mo*  will  compose  the  desired  value.  The  selection  of 
the  material  of  concentrator  aore  than  this  value  does  not  lead  to 
noticeable  increase  V 

For  considerable  sensitization  of  device/eguipaent  by  the  method 
of  the  selection  of  material  with  the  higher  magnetic  permeability  of 
substance  it  is  necessary  to  increase  s&maxr  it  is  impossible  to  make 
this  due  to  the  decrease  o t  width  yap  d,  as  a  rule,  since  clearance 
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is  limited  by  the  thickness  of  the  Hall  pickup.  Taking  into  account 
this,  in  certain  cases  it  is  expedient  to  perfora  concentrator  in  the 
fora  of  spiral  with  closed  ends/ieads  [3].  It  is  not  difficult  to 
show  that  aagnetic  permeability  cf  body  and  sensitivity  simax  of  this 
concentrator  with  p->«  giow/rise  in  n  of  tiaes  where  n  -  nuaber  of 
turns  of  spiral. 

3.  Multiplicative  errors  of  aeasurenent. 

Multiplicative  errors  in  the  uoncontact  Hall  meters  of  currents 
have  all  those  components  which  characterize  contact  meters.  Besides 
this  in  a  multiplicative  error  in  the  analyzed  instruments  is 
included  the  series/row  specific  component,  inherent  only  in  Hall 
meters  of  the  beam  currents  of  the  charged/loaded  particles:  errors 
due  to  a  change  in  the  position  of  beam  in  the  ion  guide  due  to  the 
final  sectional  area  and  nonunifora  particle  distribution  according 
to  the  beaa  section,  these  ccapcnents  of  basic  multiplicative  error 
having  the  greatest  specific  gravity/weight.  Pig.  3a  and  b  gives  the 
experimental  dependence  of  an  error  of  measurement  from  the  beaa 
displacement  on  a  radius  with  the  permanent  azimuth  and  along  the 
azimuth  with  constantly  a  radius.  Experiment  was  carried  out  by  the 
method  of  displacement  within  the  concentrator  of  conductor  with  the 
current  with  a  diameter  of  0.2  am.  Curves  with  the  prime  correspond 
to  concentrator  with  two  Hall  pickups,  curves  without  the  prime  -  to 


i 
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concentrator  with  one  sensor.  In  the  first  case  an  error  of 
measurement  reaches  lOo/c,  th8  secondly  -  3o/o.  With  four  Hall 
pickups,  arranged/located  according  to  two  mutually  perpendicular 
diameters,  this  component  of  error  is  egual  only  0.5o/o. 

As  can  be  seen  from  Pig.  3a  in  the  case  of  two  Hall  pickups  the 
sign  of  error  does  not  change  with  any  mixings  of  the  center  of 
gravity  of  beam.  Hence  it  follows  that  a  multiplicative  error  of 
measurement  must  be  determined  not  only  by  the  position  of  beam,  but 
also  by  the  fora  of  section  and  by  the  law  of  particle  distribution 
in  the  space. 

Let  us  break  the  sectional  area  of  beam  into  the  surface 
elements  (Fig.  4),  to  eacn  of  which  corresponds  the  elementary 
current  dl,  measured  with  the  error 

S  -  a/R), 

where  f  and  i  -  the  coordinate  of  area/site  ds,  R  -  a  radius  of 
concentrator. 
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fig.  3.  Dependence  of  error  of  ..asere.ent  fro.  the  tee.  displaced 
on  a  radios  «ith  azi.uth  cp-conet  l*>  *"<>  .Ion,  azi.nth  «  «lth 
t=con st  (b):  a)  with  the  azi.uth  * const: i-<P-0*,  2-<J>  =30°,  3-9=50*, 

5— ®  =e  no0,  6-cy*  1S0°;7-^180°; 


DOC  =  80069308 


b)  along  azimuth 


Page  93. 


when  const :  i,V — £-=0,75,  2,2*-  0,5 


s 
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If  beam  is  arranged/located  in  the  center  of  concentrator,  then  the 
multiplicative  error  of  measurement,  which  considers  the  finite 
dimension  of  the  area  of  its  section,  can  be  determined  with  the  aid 
of  the  expression: 


where  I  and  I' 
respectively. 


real  and 


JOt  i/R 

]  J  ^(tj.i/RHdadyi 
JHgTa7T  -  ,  (2) 

j  J  xixi'> 

0  0 

measured  value  of  fceae  current 


The  functionals  of  curves,  depicted  in  Pig.  3a  and  b  determined 
with  the  aid  of  the  procedure,  presented  in  [4],  take  the  fora 

Being  limited  to  term  k=3 .3)  (r/8)2  and  substituting  (3)  in  (2), 
we  will  obtain 

S  -  MS  (ff  (7.). 

Purther  it  is  possible  to  show  that  under  the  noraal  (Gaussian) 
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law  of  the  distribution  c£  particles  over  beat  section 
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4.  Additive  errors  in  iteter. 

In  the  additive  errcr  in  the  mater,  which  limits  its  threshold 
of  response,  are  included  the  errors,  determined  by  noises  within  and 
at  the  output  of  the  Flail  pickup,  and  also  by  the  teaporary/time  and 
temperature  drift  of  his  zero  sagnal,  latter/last  component  cf  error 
in  the  overwhelming  majority  of  tne  cases  playing  the  decisive  role. 

The  authors  proposed  several  devices/eguipment,  which  make  it 
possible  to  eliminate  the  effect  of  the  temperature  drift  of  zero 
signal  on  the  additive  error  and  the  threshold  of  response  of  meter 
[5,  6  ].  Diagram  of  one  cf  such  devices/equipment  is  shown  in  Fig.  5. 
Sensor  is  supplied  from  the  source  of  direct  current.  Concentrator  in 
the  circumference  comes  into  contact  with  modulating  magnetic  circuit 
3  in  to  slot/groove  of  which  is  placed  modulating  winding  by  4.  By 
the  selection  of  the  value  of  the  current  of  the  modulating  winding 
they  attain  the  periodic  saturation  of  concentrator  that  it  leads  to 
the  pulse  modulation  of  the  direct  flow,  created  by  the  measured 
current.  Obtained  thus  variaiue/alternat ing  Hall  emf  can  be  easily 
isolated  from  the  constant  in  the  direction  of  emf  of 
nonequipotentiality. 
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Tha  authors  prepared  one  of  the  versions  of  the  aeter  of  the 
direct  bean  currents  of  the  charged/loaded  particles.  Basic  given 
error  of  instrument  does  not  exceed  5o/.o  in  the  range  0-10  aA. 
Further  perfection  of  instruaent  will  be  conducted  in  the  direction 
of  an  increase  in  precision/accuracy  and  reduction  in  the  threshold 
of  response,  which  can  be  achieved/reached  by  the  method  of  the 
introduction  of  the  corresponding  corrections,  which  decrease  the 
multiplicative  error,  acc  due  tc  further  reduction  in  the  additive 
error. 


DOC  =  80069308  PAGE 

LITERATURE 

1.  V.  I.  Pogodin,  A.  P.  Shehelkin,  G.  A.  Yur'yeva.  Improvement 
of  contactless  Hall  transducers  of  the  intensity  of  beams  of 
charged  particles.  PTE,  1967,  No.  3. 

2.  V.  G.  Savenko,  A.  P.  Shehelkin.  Contactless  measurement  of 
currents  by  means  of  the  Hall  effect.  Materialy  Nauchno-tekhni- 
cheskoy  Konferentsii  LEIS  [Data  of  the  Scientific  and  Technical 
Conference  of  LEIS],  Issue  5,  1968. 

3.  V.  N.  Bogomolov,  V.  I.  Pogodin,  A.  P.  Shehelkin.  Device  for 
contactless  measurement  of  currents.  Author’s  certificate  21  ye, 
36/01,  No.  213972.  Byull.  izobret,  i  tov.  znakov,  1968, 

No.  11. 

4.  K.  M.  Kudelin.  Method  of  approximation  of  experimental 
curves  by  power  polynomials  "Izmeritel ’naya  tekhnika"  [Measuring 
Technology],  1969,  No.  4. 

A.  P.  Shehelkin 

5.  ^Device  for  measuring  weak  magnetic  fields.  Author’s  certificate 
21ye,  12,  No.  203762.  Byull.  izobret.  i  tov.  znakov  [Bulletin 

of  inventions  and  trade  marks],  196,9’,  No. -331 

6.  G.  I.  Razin,  A.  P.  Shehelkin.  Device  &  measuring  weak 
constant  circular  field  a,  _  Author's  certificate.  21 

No.  256851.  Byull.  izobret.  i  tov.  zhakov, [Bulletin  of  inventions 
and  trade  marks]  1969,  No.  35. 

Discussion. 

K.  D.  Johnson.  Is  how  the  affect  of  radiation  on  the  Hall  pickups? 


G.  I.  Razin.  With  the  rcca  teapecature  and  with  the  beam  currents  on 
the  order  of  10-100  aA  the  effect  of  radiation  insignificantly  and 
little  affects  the  accuracy  of  measurement.  Sensors  are  aade  froa 
indium  antiaonide. 


N.  S.  Medvedko.  What  are  sensitivity  and  threshold  sensitivity  of 
your  sensor? 
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G.  I.  Razin.  The  sensitivity  of  sensor  composes  10  pV  on  1  aA  of  the 
measured  current.  Threshold  sensitivity  100-200  p A. 


S 

I 


I.  M.  Bolotin.  Which  the  upper  hand  edge  of  the  transmission  of 
sensor  and  the  necessary  screening  constant  of  sensor? 


G.  I.  Razin.  The  time  constant  of  the  Hall  pickup  is  10"1X-10~13  s. 
Thus  band  depends  in  essence  on  current  frequency,  which  feeds 
sensor.  In  our  case  this  frequency  coaposes  several  kilohertz. 


The  threshold  sensitivity  of  sensor  is  determined  by  the  effect 
of  external  magnetic  fields,  in  particular,  the  field  of  the  Earth. 
With  the  beam  current  1-10  aA  the  screening  constant  must  be  not  less 
several  thousand. 


A.  A.  Kuz'min.  Was  utilized  your  sensor  for  measuring  the  currents  of 
real  beams? 


G.  I.  Razin.  Yes,  such  oeasureuents  were  conducted  on  the  neutron 
generator.  Factor  of  merit  was  approximately  0.5  aA.  It  is  possible 
to  measure  the  currents  from  100  pA. 


A.  A.  Kuz'ain.  Are  such  the  sizes/diaensions  cf  concentrator? 

G.  I.  Razin.  Bore  of  60  am,  external  -  80-90  am.  Material  - 
Peraalloy,  ferrite. 


r  ! 
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Page  99. 

117.  SPACE-CHARGE  EFFECT  ON  THE  EFFECTIVENESS  CF  THE  IONIZING  METHOD 
OF  MEASURING  THE  PROFILE  OF  A  PROTON  BEAM  IN  ACCELERATORS. 

V.  V.  Yelyan 

(Radiotechnical  institute  AN  USSR) 

The  devicas/eguipaent ,  used  for  measuring  the  transverse 
parameters  of  beam  without  its  destruction  cn  annular  proton 
accelerators  are  based  on  the  pnenomenon  of  the  ionization  of 
residual  gas.  Using  the  aetnod  the  extractions  of  ionizing  charge  for 
the  purpose  of  further  «crking  these  devices  are  characterized  by  the 
extracting  systems  i.i  which  are  applied  either  only  electric  field  or 
coabination  of  electrical  and  magnetic  fields.  Magnetic  field  is 
utilized  for  the  focusing  of  ••image’*  during  the  high  requirements  for 
the  resolution,  determined  ny  the  essential  (several  ten 
electronvolt)  wave  energy  of  ions  in  the  transverse  with  respect  to 
the  extraction  direction. 

By  effectiveness  cf  ionizing  method  are  implied  two 
characteristics:  the  resolution  and  the  speed  of  the  extraction  of 
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ions,  deterained  by  the  type  of  cue  extracting  systea. 


The  decisive  factor  when  selecting  of  the  type  of  the  extracting 
systea  proves  to  be  the  proper  faeid  of  beat  as  a  result  of  low  wave 
energy  of  ions.  With  the  acmeveaent  on  the  proton  synchrotron  of  the 
irVE  (Serpukhov)  with  working  intensity  1  •  1 0 4 2  protons/pulse  the 
intensity/strength  of  its  own  elactric  field  of  bean  reaches  several 
tens  of  volts  per  cantixetar.  Taa  project  of  the  reconstruction  of 
synchrotron  of  the  IFVE  is  designed  for  obtaining  of  the  intensity 
5«1013  protons/pulse,  in  this  case  in  the  project  there  are  reserves, 
so  that  in  the  future  could  be  solved  task  the  achieveaents  of 
intensity  to  3*1014  prcicns/pulse.  With  this  proper  field  of  beaa  it 
will  increase  to  several  hundred  and  thousands  of  V/ca.  Obtaining  the 
high  resolution  (about  1  on)  with  the  aid  of  the  ionizing 
pr ofiloneters  under  these  conditions  sets  practical  limitations  on 
the  selection  of  the  type  of  extracting  systea,  connected  with  the 
value  of  the  extracting  voltage. 


With  the  identical  tiae  of  the  extraction  of  ions  and  identical 
resolution  were  compared  tne  extracting  systems  with  crossed  and 
parallel  fields. 


It  is  easy  to  show  that  in  this  case  and  without  taking  into 
account  the  proper  field  of  the  beaa  of  the  value  of  the 
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intensity/strength  of  the  extracting  electric  field  for  the  systeas 
with  crossed  (ex)  and  parallel  U„)  fields  are  located  in  the  relation 


£j./£„  s  cl/ A  , 


where  A  -  resolution. 


d  -  diameter  of  bean. 


At  the  beginning  of  tue  cycre  of  acceleration  this  relation 
maximally  and  in  the  accelerator  of  the  IFVE  can  reach  several  ten. 
Thus,  for  obtaining  in  the  Serpuxhov  accelerator  of  the  time  of 
extraction  10  ns  it  is  necessary  to  have  the  extracting  voltages  1  k? 
for  parallel  fields  and  50  kV  for  crossed  fields. 


The  proper  field  of  bsaa  affects  the  resolution  of  these 
extracting  systeas  differently.  In  the  case  of  parallel  fields 
appears  supplementary  defocusrng  of  ionic  image,  caused  by  the 
transverse  component  of  the  proper  field  of  beam  and  which  is 
compensated  by  the  appropriate  increase  in  the  intensity/strength  of 
the  focusing  magnetic  field. 


In  the  case  of  crossed  fields  the  effectiveness  of  the 
extracting  systen  is  determined  by  the  behavior  of  the 
equipotentials,  along  which  is  acccmplished/realixed  the  extraction 
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Its  own  potential  of  beam  causes  the  distortion  of  equipotentials*  i 
consequence  of  which  they  appear,  in  the  first  place,  blur  with 
respect  to  the  real  position  of  neam,  and  in  the  second  place,  the 
strain  of  image.  The  amount  of  displacement  in  the  center  of  beam  is 
determined  by  the  relaticashi p/ratio 


i « 


e 

4n  t 


(2) 


where  K  -  intensity  of  beam,  protons/pulse;  u  -  extracting  voltage, 

•e 

in;  L  -  orbit  circumference:  m;  B  -  duty  factor  of  orbit;  JL  - 
distance  between  extracting  electrodes,  m;  d  -  diameter  of  beam,  a; 
-  electron  charge,  Cculcab;  t  -  dielectric  constant.  P/m. 


This  relationship/ratio  was  obtained  analytically  for  the 
cylindrical  beam  during  its  central  location  in  the  extracting 
system.  For  the  check  is  carried  out  the  decision  of  the  equation  of 
Poisson  by  the  net  point  method  on  the  computers  for  a  special  case 
of  the  geometry  of  the  extracting  system.  During  the  displacement  of 
equipotentials  to  10  mm  relative  zo  ideal  position  numerical  aod 
analytical  results  coincide  with  the  precision/accuracy  of  better 

9 

than  lOo/o. 
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Relationship/ratic  (2}  makes  it  possible  to  introduce  as  the 
criterion  critical  value  the  extracting  voltages  uHp»  lower  than  which 
displacement  equipotentials  will  exceed  permissible  value  zjon: 


uKp-  2,9 -io'9  NC 


xgon^® 


(f  +  2tn|). 


(3) 


Let  us  rate/estiaate  the  value  of  retarded  potential  for  the 
accelerator  of  the  IFVE  for  the  energy  of  70  GeV. 

e 

Let  us  assuae:  L=1.5*103  a,  ,1=0.2  a  ,x^  io"3  m,  d=10*“*  a. 

For  MjsS^IO11,  N2=5«10**  and  N3=5*1013  value  ukp  are  equal  to  with 
respect  u,Kp-  I3,s  to  kV,  u2kp-i35  kV,  U3kp  =  1350  kv. 

If  we  disregard/neglect  the  displacement  of  image  and  as  the 
criterion  to  select  the  strain  of  image  (change  in  the  second 
moment/torque  of  distribution  tc  IO0/0),  these  values  can  be 
decreased  by  approximately  one  order. 

At  the  achieved/reached  and  planned/glide  intensities  of 
Serpukhov  accelerator  the  requirements  for  the  value  of  the 
extracting  voltage  in  the  case  of  crossed  fields  prove  to  be  in 
practice  impracticable,  and  must  be  used  parallel  fields. 
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118.  A  TWENTY-CHANNEL  HIGH-SPEED  METER  FOB  THE  POSITION  OF  A  BEAM  IN 
AN  ACCELERATOR. 

».  A.  Skuratov. 

(Radio  engineering  institute  of  the  AS  USSR). 

For  observing  the  ornic  of  the  motion  of  beam  with  the  work  of 
the  accelerator  in  the  mcde/conditions  of  the  first  revolution  and 
circulation  it  is  important  to  have  an  information  about  the  position 
of  beam  in  the  points/items,  evenly  distributed  on  the  ring  of 
accelerator  chamber. 

With  the  aid  of  20-channel  high  speed  meter  of  the  position  of 
beam  the  observation  of  orbit  is  accomplished/realized  visually  on 
the  oscilloscope  face.  The  voltages,  which  correspond  to  the  position 
of  orbit  in  the  points/items  of  measurement,  are  fixed/recorded 
consecutively/serially  on  scanniag/sweep  of  oscillograph  for  the 
time,  which  does  not  exceed  50  ps. 

During  the  development  of  20-channsl  high  speed  meter  of  the 
position  of  beam  in  the  accelerator  as  the  basis  was  accepted  the 
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equipment  for  display  system.  Display  system  encompasses  twenty 
channels,  which  record  the  position  of  beam  by  sum- and- difference 
method  by  the  method  of  isolation/liberation  with  the  output  of  the 
channel  of  voltage,  which  corresponds  to  the  divergence  of  beam  from 
the  center  of  chamber/camera.  Output  potentials  of  display  system 
vary  within  the  limits  of  0.3-8  V  of  any  polarity. 

The  block  diagran  of  devxce/eguipment  is  shown  in  Fig.  1.  The 
measured  voltages  through  the  matching  cathode  followers  are  fed  to 
the  normally-closed  keys/wrenches.  Keys/wrenches  are  commutated  by 
control  voltages,  taken  from  the  triggers.  The  sequence  of  the  start 
of  keys/wrenches  is  assigned  by  the  counter,  comprised  of  the 
controlling  triggers.  The  recalculation  of  the  sequence  of  the  start 
of  the  triggers  of  counter  is  assigned  by  the  impulses/momenta/pulses 
of  the  waiting  blocking  oscillator.  The  operating  time  of  blocking 
oscillator  is  determined  by  the  interval  between  the  spin  of  the 
beginning  of  measurements  and  by  the  impulse/moment un/pulse,  which 
are  formed  upon  the  inclusion/connection  of  the  latter/last  code. 
Commutated  such  by  fcri  voltages  are  united  on  summing  amplifier 
whose  output  is  connected  to  the  oscillograph. 

The  elements/cells,  which  are  determining  the  quality  of  the 
work  of  device/equipment,  axe  keys/ wrenches.  All  keys/wrenches  are 
uniform.  The  schematic  cf  key/wrench  is  represented  in  Fig.  2.  In  the 
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key/wrench  are  used  two  transistors  of  the  type  1T311  and  1T313. 
Transistors  are  connected  in  series  by  means  of  the  association  of 
emitter  circuits.  Normally  transistors  are  in  the  open  state.  The 
measured  voltage  through  resistance  equal  to  5  kiloohm,  is  connected 
to  the  general/com mon/total  emitter  circuit.  Consequently#  low  output 
resistance  of  emitter  circuits  shunt  input  currents  from  the  channels 
of  display  system. 

Page  101. 


In  the  presence  of  strobe  pulses  from  the  controlling  trigger 
the  transistors  of  key/wrench  are  closed  and  the  current, 
prescribed/assigned  by  the  measured  voltage,  enters  summing 
amplifier,  to  which  it  separates/liber? tes  the  voltage  pulses,  which 
correspond  in  the  amplitude  to  measured  voltage,  and  in  the  duration 
-  to  strobe  pulse.  Due  tc  the  difference  of  the  fronts  of  strobe 
pulses  and  difference  in  the  transistors  at  the  output  of 
kays/wrenches  appear  pulse  currents  which  create  false 
impulses/momenta/pulses,  which  do  not  exceed  in  the  duration  of  0.7 
ps,  but  in  the  amplitude,  eguivalent  to  the  measured  voltage  into  1 
V.  Nevertheless  these  impulses/momenta/pulses  do  not  interfere  to 
measure  the  voltage  according  to  the  residual/remaaent  pedestal  with 
the  precision/accuracy  200-300  mV  of  any  polarity. 
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Fig.  3  shows  oscillcyrao  of  the  recording  voltage  at  the  meter 
output  in  the  absence  cf  input  voltage. 


For  agreement  and  increase  of  input  resistance  of 
devica/equipment  are  used  dual  emitter  followers.  Schematic  diagram 
is  depicted  in  Fig.  4. 


i 
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Variable  resistances  in  the  basis  of  the  first  transistor  and 
the  emitter  of  the  second  transistor  give  the  possibility  of  the 
control  of  "zero”. 


Fig.  1.  Block  diagram  o t  the  20-channel  high  speed  meter  of  the 
position  of  beam  in  the  accelerator.  1  -  crigger;  2  -  waiting 
blocking  oscillator;  3  -  shaper  of  sequence  of  driving  pulses;  4 
the  emitter  follower;  5  -  key/wrench;  6  -  summing  amplifier;  7  - 
oscillograph. 


Key;  (1).  Input 


Fig.  3.  Palse  inpulses  at  output  of  device/equipnent.  1  c*  in  the 
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amplitude  corresponds  tc  voltage  on  the  input  of  0.5  V. 

Page  102. 

Summing  amplifier  of  the  direct  current  is  made  of  two 
differential  cascades/stages,  included  by  negative  feedback.  Gear 
ratio  is  equal  to  0.5.  lie  highest  limit  of  frequency  characteristic 
corresponds  to  4  HHz. 

The  mock-up  of  the  20-channel  high  speed  meter  of  the  position 
of  beam  in  the  accelerator  was  used  with  the  final  adjustment  of  the 
initial  conditions  for  the  xntroduction/input  of  beam  during 
inauguration  of  accelerator.  The  correctness  of  the 
introduction/input  of  beam  was  estimated  during  the  observation  of 
the  orbit  of  the  first  revolution.  Another  use/application  occurred 
during  the  final  adjustment  of  the  program  of  the  correction  cf 
magnetic  field  both  by  nand  and  with  the  aid  cf  computers  of  the  type 
"Dniepr".  The  device/eguipaent  cf  the  rapid  measurement  of  orbit  in 
the  mods/conditions  of  circulation  on  the  oscillograms  clearly  came 
to  light/detected/exposed  the  results  of  acting  the  correction  of 
magnetic  field. 

Pig.  5a  -  in  gives  respectively  the  oscillograms  of  the  orbits 
of  the  first  revolution,  mode/ccnditions  of  circulation  without  the 
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correction  of  magnetic  field  and  aode/conditions  of  circulation  with 
the  introduction  to  correction  or  magnetic  field. 
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Fig.  5.  the  oscillogram  cf  orbits,  a)  exit  voltage  in  the 
aode/conditions  of  the  first  revolution;  b)  exit  voltage  in  aode  of 
circulation  without  the  correction  of  magnetic  field;  c)  exit  voltage 
in  the  aode/conditions  of  circulation  with  the  manual  control  of  the 
correction  of  magnetic  ineld.  On  14  channels  is  brought  out  the 
voltage  of  the  intensity  of  beat,  which  corresponds  to  divergence 


DOC  =  80069308 


PAGE  ifoO 


with  respect  to  the  orbit  on  t»  ts. 

Discussion. 

N.  S.  Medvedko.  For  equilibrium  orbital  correction  maneuver  is 
necessary  the  measurement  of  the  center-of-gravity  location  of 
cluster  for  many  revolutions,  ihat  speed  is  averaged  in  your  system? 

V.  A.  Skuratov.  Order  of  10-15  revolutions  in  the  mode/conditions  of 
circulation. 


DOC  a  80069308 


PAGE  $M 


119.  NEW  DIGITAL  INSTRUMENTS  POE  INVESTIGATION  0?  THE  AMPLITUDE  AND 
ENERGY  PARAMETERS  OF  PULSE  PROCESSES  IN  ELECTRO  PHIS ICAL 
INSTALLATIONS. 

V.  P.  Gerasimov,  0.  A.  Gusev,  S.  S.  Repin,  V.  A.  Skosarev. 

(Scientific  research  institute  of  the  electrophysical  equipment  im. 

D.  V.  Yefremov) . 

Development  of  accelerative  and  thermonuclear  technology  in  the 
contemporary  stage  advances  new  requirements  for  the  instruments  for 
investigation  of  pulse  processes,  in  connection  with  which  in  NIIBFA 
are  developed  the  new  digital  measuring  meters,  which  differ  from 
those  previously  developed  by  the  class  of  precision  and  by  ultimate 
purpose.  Are  examined  below  the  principles  of  construction  and  the 
circuit  decisions  of  digital  instruments  for  the  automatic 
investigation  of  the  fora  of  pulses  and  measurement  of  the  energy, 
isolated  by  single  electric  pulse  in  the  resistive  load. 

Page  103. 

1.  Pulse  digital  voltmeter  of  instantaneous  values  lTsVH3-4# 
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Instrument  provides  the  measurement  of  the  instantaneous  values 
of  surge  voltages  with  the  random  error  not  acre  than  +-0.03o/o  for 
the  duration  of  selections  2  ms  and  the  cyclic  recurrence  of 
aeasurements  to  500  Hz.  The  code  of  each  selection  is 
written/recorded  in  Z0  on  the  aaynetic  eleaents/cells  and  is 
reproduced  on  the  indicator  with  tne  subsequent  survey  with  the 
siaultaneous  output  to  the  printed  digital  output. 

The  block  diagram  of  instrument  (Fig.  1)  realizes  the  method  of 
two-step  the  time  of  pulse  conversion  with  the  compensation  .*  basic 
part  of  input  voltage  signal,  proportional  to  the  result  of  the  first 
step/pitch  of  conversion,  by  the  developed  digital-analog  converter. 
Under  the  condition  of  executing  the  inequality 


*gon 


* 


%<*•»*  6CA#  *  CUMSM3 


U) 


(where  eq0n  -  relative  integral  error  in  the  supplementary  schematics 
of  two-step  converter,  -  a  relative  random  error  in  the  first 
step/pitch  ATs  and  TsA  of  conversion,  tCAS -  a  relative  random  error 
in  the  diagram  of  analog  subtraction)  is  correct  the 
relationship/rat io: 

eumH3*-^(4-,  (2) 


where  £u«*an3  -  integral  randoa  error  of  measurement  of  instrument;  t 


DOC  =  80069308 


PAGE 


-  the  random  error  in  the  staps/pitches  of  conversion;  n  -  quantity 
of  discreta/digital  levels  of  the  compensating  voltage,  developed  by 
TsAP.  In  [1]  is  shown  the  possibility  of  obtaining  tlM<±o,i%,  which 
when  selecting  n=10  in  principle  provides  value  tuuBMa  of  order 
+— O.OIo/o.  Of  interest  is  the  circuit  realization  of  input  amplifier 
{Fig.  2a),  device  of  analog  memory  of  SAP  {Fig.  2b)  and  SAV  (Fig. 

2c) ,  carried  out  with  the  use/application  of  field-effect  transistors 
and  the  additionally  ensured  increased  reliability  and  high  input 
resistance  of  instrument  {not  less  than  10  mQ  for  the  signals  with 
highest  harmonic  component  of  1  MHz) . 

2.  Digital  oscillograph  with  memory  TsOP-1. 

Utilized  in  the  oscillographs  with  the  memory  memory/memorizing 
cathode-ray  tubes  (ZEIT)  in  principle  allow  simultaneously  with  the 
visual  observation  of  signal  to  realize  the  automatic 
three-dimensional/space  coding  of  its  amplitude,  instantanaous 
values,  duration,  value  cf  front  and  shear/section.  In  this  case 
should  be  utilized  an  internal  reading  by  the  method  of  the  inclusion 
into  the  circuit  of  the  collectcr/receptacle  of  ZELT  of  resistor  and 
the  digital  measurement  cf  the  intervals  between  the  pulses  of  the 
intersection  of  the  charge  patterns  of  the  signal  being  investigated 
and  calibrated  sweep  (scale-time  conversion  [2]).  In  principle  can  be 
processed  with  the  nominal  precision/accuracy  the  single 
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impulse/momentum/pulse  cf  any  duration,  which  satisfies  the 
condition: 

tt*Wm  ax,  (3) 

where  l?  -  length  of  the  line  of  tae  image  of  signal,  written  in  the 
limits  of  the  working  part  of  tae  target  of  the  ZELT;  tu  -  pulse 
duration;  (v3)max,  -  the  maximum  speed  of  the  recording  ZELT  used. 
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Fig.  2.  Input  amplifiers  with  the  linear  bandpass  filter  (a) , 
schematic  of  the  device  of  analog  memory  (b)  and  diagram  of  analog 


subtraction  (c) 


Key:  (1).  output 


■  l 


vrfs^i* 

(j^  CoL)  rfsv+m  3  ftP. 

from  TsAP.^  (3) «  Amplifier.  (4).  Bandpass 


filter.  (5).  gate/strofce.  (6).  At  point  ...  (7).  storage.  (8).  V. 
(9).  Pulse  amplifier  with  feedoacit.  (10).  Input  from  amplifier.  (11) 


DOC  =  80069308  FACE  H27 


|  Amplifier.  (12).  Output  to  circuit.  (13).  storage. 

) 

Page  ion. 


Fig.  3  gives  not  requiring  special  explanations  the  generalized  block 
diagram  of  instrument  in  cna  mode/condi tions  of  the  measurement  of 
instantaneous  values.  For  measuring  the  instantaneous  values  with  the 
high  precision/accuracy  is  utilized  the  differential  method,  which 
expediently  combines  the  advantages  of  time-pulse 

(precision/accuracy)  and  scale-time  coding  (operating  speed) .  In  this 
case  the  measured  instantaneous  value  is  represented  by  the  sum  of 
two  components/terms/addends 

u  bx  "  u  on  *  UBblX .  otp  » 

where  uon  -  voltage  of  supporting/reference  source  (limitation  level), 
measured  by  time-pulse  converter;  u*bix.oep  -  instantaneous  value  at 
the  output  of  limiter. 


The  resulting  methodological  error  in  the  diagram  is  described 
by  the  expression 

(4) 

from  which  evident  that  an  error  in  the  three-dimensional/space 
coding  of  CHT  can  be  reduced  in  (n«-1)  once  where  n  - 
relationship/ratio  of  signals  at  input  and  output  of  limiter.  The 
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digital  equivalent  of  the  measured  instantaneous  value  takes  fora 
N  =k*4u«uu»);>  where 


^aun+  rt  > 


where  Kiun  and  K*<rr  -  gear  ratios  of  the  time-pulsed  and  scale-time 
coding  converters  respectively. 


It  is  evident  that  under  condition  KBunm,SnT  the  result  of 
conversions  does  not  depend  on  n.  Furthermore  it  is  apparent  that 
systematic  errors  in  the  schematics  of  instrument  average  out  during 
the  supplying  of  signal  and  calibrated  scanning/sweep  through  the 
general/common/total  circuit  of  vertical  deflection,  and  in  mode  of 
the  measurement  of  time  parameters  -  with  the  combination  of  the 
functions  GOR  and  GKF  (operating  now  on  the  horizontal  deflection)  in 
one  device/equipment.  A  real  random  error  of  measurement  of 
instrument  composed  ♦-I0/0. 


3.  Meter  of  energy  of  single  electric  pulse  in  the  resistive  load 
TsIIE. 


Instrument  is  the  specialized  computer,  which  realizes  the 


operation/process 


>  |  utdt, 
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led  to  the  fora 

n 

^  M  (Uu)t  (uv)t  n-*oo  (7) 

and  having  built-in  analcg-digital  converters  ATsp  for  obtaining  the 
digital  equivalents  of  the  instantaneous  values  of  the  pulse  of 
voltage  (uu)£  and  current  («;,){,.  ATsP  are  selected  in  such  a  way  that 
the  operation/process  ct  auitipiication  is  performed  in  the  process 
cf  conversion.  If  ve  carry  out  a  time-pulse  conversion,  for  example, 
of  values  (uu)£  and  pulse-frequency  (u£)£  ,  and  then  to  code  interval 
Ti“tfT(uu)i  by  filling  on  the  valve/gate  and  by  the  counting  of  the 
pulses  of  frequency  ®f(utU  i  then  digital  result  will  be: 

In  the  resulting  expressions;  -  conversion  factor  (uu).-*-tl;  <5f  - 
conversion  factor  («H)i -*■  .  aesults  on  (8)  can  be  further  sunned  up  in 

the  recording  counter,  in  this  case  the  indicator  of  the  latter  will 
show  the  number 

n 

N-2(uu)t<5Tfut)i^  ,  (9) 

which  with  sufficiently  large  n  is  identical  (6). 

Block  diagram  of  TsIIE  is  shown  in  Pig.  4.  The  applicability  of 
structure  for  the  construction  of  TsIIE  of  narrow  pulses  (unit  ms)  is 
completely  determined  by  the  presence  of  circuit  GUCh  that 
corresponds  to  the  following  requirements;  1)  frequency  range 
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(0.35-3.5)  ?IHz;  2)  instrument  error  -  is  not  more  than  *- 0.5o/o  in 
the  range  of  temperatures  (20+-1G)-a£  °C;  3)  >350  kHz/V. 
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Fig.  3.  31ock  diagram  cf  TsOP-1.  GKH  -  generator  of  calibrated  scan; 
SOS  -  balanced  amplifier;  GC8  -  generator  of  oscillograph 
scanning/sweep;  8K0I  -  relay  of  commutation  oscillograph-measurement; 
UFOP  -  amplifier-shaper  of  the  mar  its  of  intersection;  BU  "I"  -  the 
block  of  the  setting  up  of  the  abscissa  of  the  measurement  of 
instantaneous  values;  TsIVI  -  digital  meter  of  time  intervals. 


Key:  (1).  Delay  circuit.  (2).  Supply.  (3).  Amplifier.  (4).  Input, 
(5) .  Limiter.  (6) .  Suppcrting/reference  source.  (7) .  Indicator. 


VcTVAjm  \-~\m\ 


4,  A 


~m\  Vw 1— uTl — Vm — uu 


ut  A 


(/)  Kfi/rKai 


't’KC.rop 


Fig.  4.  Block  diagram  cf  TsIIE.  f  -  shaper;  GST  -  generator  of 
gate/strobe;  LP  -  linear  bandpass  filter;  V  -  valve/gate;  D  - 
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decada/ten-day  period;  GUCh  -  generator  of  the  controlled  frequency; 
OS  -  device/equipment  cf  dischar  ga/breafc. 

Key:  (1).  Indicator. 

Page  105. 

The  authors  proposed  use/appircation  as  GOCh  the  diagram  of 
relaxation  oscillator  cn  a  transistor-tunnel  diode  relay  with  the 
supplementary  current  amplifier  (T3)  in  the  feedback  loop  (Fig.  5) . 
when  selecting  of  frequency  range  is  taken  in  the  attention  the 
statistical  processing  cf  the  results  of  the  coding  of  intervals 
with  the  addition  of  tie  large  quantity  n=100  of  their  numerical 
equivalents  in  the  recording  counter,  in  connection  with  which 

this  resulting  error  in  ths  discreteness  it  is  determined  by  the 
ex pression 


All  instruments  exatined  have  an  output  cf  standard  binary 
decimal  code  1-2-4-8  by  printed  digital  output  and  ETsVM. 
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Fig.  5.  GOCh  circuit. 
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Discussion. 


L.  V.  aaprintsev.  Are  such  the  advantages  of  the  diagram  of  the 
analog  memory  with  tfce  fiala-effect  transistors  in  comparison  with 
the  standard  by  detectors? 


V.  P.  Gerasimov.  Advantage  consists  in  the  larger  tins  of  the 
retention/preser vaticn/aaintaining  information.  This  is  correct  for 
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snail  amplitudes  of  input  signal/  since  instead  of  the  nonlinear 
element/cell  is  utilized  field-effect  transistor  in  the  key 
aode/conditions  (relay  element/cell) . 
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120.  MEASUREMENT  OF  THE  PARAMETERS  OF  THE  ELECTRON  BEAM  IN  CYCLIC 
ACCELERATORS  USING  SYNCHEOTfiCN  RADIATION 

A.  A.  Vorobyev,  A.  N.  Didenko,  A.  V.  Kozhevnikov,  M.  M.  Nikitin,  V. 

P.  Tsipilev. 

(Nil  nuclear  physics  at  Toms*  polytechnic  institute) .  Q  Upon  the 
acceleration  of  electrons  in  the  cyclic  accelerators  to  energies  on 
the  order  of  100  NeV  and  above  is  observed  the  strong 
radiation/emission  of  electromagnetic  vibrations.  As  is  known,  the 
spectral  composition  of  this  radiation/eaission  is  changed  with  the 
energy  of  electrons  E,  with  E—100  MeV  lies/rests  at  the  visible  or 
ultraviolet  region.  Theoretically  experimentally  this  phenomenon  is 
studied  sufficiently  in  detail  [ 

On  the  electronic  synchrotron  TPI  to  the  energy  1.5  GeV  the 
synchrotron  radiation  was  utilized  for  measuring  the  number  of 
accelerated  electrons,  ard  also  transverse  and  azimuthal 
sizes/dinensions  of  electron  beam  during  the  cycle  of  acceleration. 
Are  given  below  methods,  on  which  were  conducted  the  measurements  of 
each  of  the  parameters  ci  the  electron  beam  cf  synchrotron  enumerated 


above 
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a)  The  measurement  of  a  number  of  particles. 

The  procedure  of  the  deter miaation  of  a  quantity  of  accelerated 

particles  is  based  on  the  comparison  of  the  measured  by  optical 

method  intensity  of  the  synchrotron  radiation  of  beam  of  particles 

with  the  calculated  intensity  of  the  radiaticn/emission  of  single 

particle  in  the  specific  spectral  interval.  In  this  case  it  is 

necessary  to  have  a  radiation  detector,  calibrated  completely  with 

the  aid  of  the  standard  illuminant.  The  block  diagram  of  this 

installation  is  depicted  iu  Fig.  1.  Total  luminous  flux  from  the 

cluster  is  recorded  with  the  aid  of  FED  (11.  12).  The  light/world,  by 

emitted  electrons,  falls  tc  mirror  4  and  through  the  glass  plate  of  6 

lateral  branch  pipes  is  derived/ccncluded  outside.  Diaphragm  7  makes 

it  possible  to  record  light/world  from  the  limited  section  of  orbit. 

Prism  19  makes  it  possible  to  divide  light/world  in  the  space.  With 

the  aid  of  interference  filters  9.  10  of  the  spectrum  of  synchrotron 

radiation/emission  are  cut  out  narrow  sections  at  wavelengths  4610 
0 

and  8520  A  respectively.  As  tb9  standard  illuminant  was  utilized 
tungsten  lamp  SI8-200,  calibrated  completely  according  to  the  bright 
temperature.  Its  emissivity  with  respect  to  the  blackbody  was  taken 
from  work  [4  ].  In  view  cf  the  various  polarizational  characteristics 
of  sources  from  straight/direct  comparison  is  impossible.  Therefore 
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the  effect  of  the  optical  elements  of  the  installation  to  the  passage 
of  light/world  with  different  foras  of  polarization  was  considered  by 
Mueller's  aethod  [5]. 

Page  106. 

Experiaent  showed  that  this  aonitor  of  current  makes  it  possible 
to  define  the  quantity  cf  particles  with  precision/accuracy  5-10o/o. 
This  2-3  times  higher  than  that  precision/accuracy,  which  provide  the 
induction  sensors.  A  deficiency/lack  in  this  aethod  is  the  fact  that 
in  proportion  to  work  deteriorates  the  sensitivity  of  the 
installation  due  to  the  darkening  of  mirror.  The  sane  was  noted  in 
work  [6],  Therefore  this  aonitor  can  be  used  in  conjunction  with 
other  sensors  as  the  control  roca. 

b)  'The  measurement  cf  the  transverse  sizes/dimensions  of  beam. 

The  transverse  sizes/dimansicns  of  electron  beam  were  measured 
ty  several  methods:  by  the  aethod  of  high-speed  filming, 
electron-optical  converter,  by  photoelectronic  conversion  and  by 
method  of  mechanical  scanning  with  the  photoelectronic  conversion 
(method  of  rotary  disk). 

By  the  method  of  high-speed  filming  were  carried  out  the 


"m-Pir.n  ;sbx  ■  iijwatsaKS  'U'iS&f 
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measurements  of  the  roct-mean-sguare  amplitudes  of  vertical  and 
radial  oscillations  beam.  Photographing  the  cross  section  of  electron 
beam  was  conducted  by  icvie  camera  SKS-1M  in  a  rate  of  2000 
frame (s)/s.  The  kinograms  of  the  cycle  of  acceleration  contain  75-77 
frames/personnel  (for  the  duration  of  the  cycle  of  acceleration  40 
ms).  The  distribution  cf  the  intensity  of  radiation/emission  over  the 
section  of  the  iaage  of  team  on  the  kinogtam  was  measured  on  the 
aicrophotometer  flF-4.  According  to  work  [7]  the  half- width  of  the 
obtained  aicrophotograns  at  tne  level  0.  368  from  maximum  Ima3C  is  equal 
to  the  root-aean-square  amplitude  of  the  oscillations  of  electrons. 

Density  distribution  of  electrons  according  to  the  transverse 
section  was  measured  alsc  by  the  photomultiplier  FED- 13  by  the  method 
of  the  mechanical  scanning  of  the  iaage  of  bundle  of  electrons  with 
the  aid  of  the  rotary  disk  with  the  gashes.  In  contrast  to  the  method 
of  high-speed  filming,  the  sizes/dine nsicns  of  beaa  are  measured 
directly  on  the  oscilloscope  face  during  the  work  of  the  accelerator. 

With  the  aid  of  the  photoaultiplier  and  the  neutral  light  filter 
of  variable/alternating  dansity  was  determined  also  the  contribution 
to  the  cross  section,  caused  by  tne  fluctuations  of  the  center  of 
gravity  of  beam.  Depending  on  the  orientation  of  light  filter  was 
measured  a  change  in  the  orbit  of  electrons  during  the  cycle  of 
acceleration  in  the  vertical  and  radial  directions.  This  made 
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possible  to  consider  amplitude  and  frequency  of  the  center  of  gravity 
of  electron  beam. 

The  diagram  of  experiment  with  the  use  of  FEU  for  determining 
density  distribution  of  electrons  according  to  section  and  amplitudes 
and  frequencies  of  the  center  of  gravity  of  beam  is  depicted  in  Fig. 
2.  Fig.  3  depicts  the  results  or  tnis  experiment. 

c)  The  measurement  c£  the  aziivithal  sizes/dimensions  of  beam. 

The  instantaneous  azimutnal  sizes/dimensions  of  electron  beam 
were  measured  by  the  method  of  image  converter  tube.  Fig.  4  depicts 
the  diagram  of  this  experiment.  Optical  image  from  the  screen  of 
high-speed  gat8  entars  the  amplifier  of  light/world  6,  two  pairs  of 
deflector  plates  of  which  is  supplied  hf  voltage  from  the  hf 
generator  of  the  system  cf  accelerator  with  a  phase  difference  of 
90°. 
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Fig.  1.  Measuring  circuit  of  a  guantity  of  accelerated  electrons.  1 
vacuum  accelerator  chamber;  2  -  beam  of  the  accelerated  electrons;  3 

-  orbit  of  electrons;  4,  17  -  mirror;  6  -  branch  pipe;  7,  14  - 
diaphragm;  8  -  objective;  9,  10  -  interference  light  filters;  11,  12 

-  photomultipliers;  13  -  standard  illuminant;  15  -  light  polarizing 
filter;  16  -  glass  plane-parallel  plate;  18  -  screen;  19  -  prism. 


Fig.  2.  Installation  diagram  for  measuring  of  transverse 
sizes/dimensions  and  fluctuation  of  the  center  of  gravity  of  electron 
beam.  1  -  mirror;  2  -  disJc  with  the  gashes;  3  -  electric  motor;  4  - 
photomultiplier;  5  -  oscillograph;  6  -  the  neutral  light  filter  of 
variable/alternating  density. 

Fig.  3.  Change  in  amplitudes  of  radial  and  bouncing  of  electrons.  1  - 
energy  of  the  accelerated  electrons;  2  -  curve  of  a  change  in  the 
amplitude  of  radial  oscillations;  3  -  curve  of  a  change  in  the 
amplitude  of  bouncing. 
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That  obtained  in  this  case  on  the  screen  of  circular  scan  corresponds 
on  the  specific  scale  tc  the  orbit  of  electrons  in  accelerator 
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chamber.  The  use /application  of  cascades/stages  of  the  amplification 
of  light/world  is  caused  oy  the  fact  that,  in  contrast  to  [8],  in  the 
synchrotron  the  length  of  beam  must  be  measured  during  the  short  time 
interval  when  energy  can  De  considered  constant. 


By  the  method  of  electron-optical  conversion  were  measured  also 
the  transverse  sizes/dimensions  of  electron  beam.  Because  of  the  high 
speed  operation  of  gate  it  was  possible  to  obtain  the  "instantaneous* 
cross-sectional  view  of  one  bundle  of  electrons,  but  not  averaged,  as 
this  was  in  other  named  above  methods. 


Th9  measurement  of  the  azimuthal  sizes/dimensions  of  each 
individually  of  bundle  of  electrons  was  conducted  also  with  the  aid 
of  the  temporary  Aim®  photomultiplier  of  PEU-30  with  the  resolving 
tine  of  2  ns,  which  made  it  possible  to  determine  the  length  of  bunch 
of  particles  without  supplementary  processing  of  the  results  of 
experiment. 


The  given  above  methods  of  measuring  the  parameters  of  bean 
during  the  cycle  of  acceleration  make  it  possible  to  determine  effect 
on  the  sizes/dimensions  cf  the  beam  of  the  separately  betatron  and 
phase  oscillations  of  electrons.  Experimental  data  are  in  a  good 
agreement  with  the  theoretical  calculations  about  the  effect  of 
different  factors  on  the  transverse  and  longitudinal  sizes/dimensions 
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Pig  4.  installation  diagram  for  measuring  the  azimuthal  and 
transverse  sizes/dimensicas  of  electron  beaa.  1  -  vacuum  accelerator 
chamber;  2  -  tangential  branch  pipe;  3  -  objective;  4  - 
semitransparent  airror;  5  -  higu-speed  gate;  6  -  amplifier  of 
light/vorld;  7  -  camera  BKF-5;  8  -  transmitting  television  camera;  9 
-  television  set;  10  -  nigh-speed/high-velocity  movie  camera  SKS-1. 
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K.  A.  Belovintsev.  Could  not  you  report  th®  data  about  a  change  of 
the  longitudinal  sizes/diaensions  of  baa  a  in  the  process  of 
acceleration? 


A.  N.  Didenko.  There  are  cha  data,  which  make  it  possible  to  judge 
beam  measurement  in  the  process  of  acceleration  and  which  make  it 
possible  to  determine  how  affect  guantua  fluctuation  separately  the 
radial  betatron  oscillations  and  phase  oscillations.  The  method  of 
high-speed  filming,  which  gives  total  sizes/dinensions,  makes  it 
possible  to  conduct  this  womng.^t  was,  in  particular,  it  is  shown 
that  the  quantum  fluctuations  begin  to  earlier  affect  phase  motion. 
Later  was  obtained  the  acre  general  formula  from  which  it  follows 
that  this  conclusion  is  quotient,  but  general/coamon/total,  since 
between  the  energies  with  which  it  becomes  apparent  the  effect  of 
quantum  fluctuations  on  the  phase  and  betatron  oscillations,  there 
exists  this  relationship/ratio: 


where  -  energy  with  which  the  quantum  fluctuations  of 
radiation/eaission  begin  to  strongly  affect  phase  oscillations,  n 
the  frequency  of  phase  oscillations,  u0  -  frequency  of  revolution, 
Ee-  energy  with  which  quantum  fluctuations  affect  betatron 
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Since  always  the  frequency  of  phase  oscillations  is  lower  than 
the  frequency  of  revolution,  follows  conclusion  about  the 
universality  of  confirmation  aoout  the  fact  that  the  quantum 
fluctuations  first  of  all  affect  phase  oscillations. 


1  \ 


£ 


+*p*n~  ^ 


% 

s 


<CSe 

£ 


1 


DOC  =  30  069  309 


If- 


Page  108. 


121.  Instruments  and  methods  of  measur.  ment  and  check  of  the 


tarea-dic.  rnsional 


caarautciistics  of  external  beams  ARUS. 
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G.  A.  Arakelyan,  G,  S.  Vartanyan,  5.  K.  Yesin,  I.  P.  Karabekov,  A.  M. 
koisiayan,  a.  A.  Martirosyan,  Yu.  a.  Nazaryan. 


(Yerevan  physical  institute). 


Monitoring  external  pnoton  ouadl<Vo  on  the  Yerevan  synchrotron 
was  conducted  fo~  the  purpose  ooth  of  determining  a  number  of 
equivalent  7-quanta,  whicn  fax!  to  the  target  of  experimental 
installations  par  unit  time  ana  determining  the  effectiveness  of  the 
conclusicn/output  of  particies  to  internal  target. 


For  *his  was  Du elininarily  determined  the  constant  of  Wilson’s 
qaanfaraater  («)  with  the  aid  of  calorimeter  [1],  which  proved  to  be 
equal  to  4,58*  10'- 8  HeV/couiooo  ana  in  the  range  of  energies  from  1.5 
to  5  lev  it  remains  constant/tn variable  with  precision/accuracy 
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*-2o/o,  with  the  filling  or  g aantameter  with  mixture  8O0/0 
flar  2O%C02* 

The  effectiveness  of  me  ccnclusion/output  of  particles  to 
internal  target  is  determined  oy  tas  rolationship/r atio 


Int  *  ’ 


(l) 


whera  QM  -  quantity  of  charge,  concluded  to  internal  target  for  time 
t.  ij.  -  the  averaged  beam  current,  measured  by  inductive-type  pickup 
for  tne  same  time.  Value  qh  can  oe  determined  with  the  aid  of 
bette-Heitler 's  formula,  if  we  cneck  by  guantameter  the  total  flux  of 
energy  of  bremsstrahluny  Ef  wxtn  Known  thickness  of  internal  target 
t0  (in  radiation  unity)  ana  kxn<*tic  energy  of  electrons  at  the  moment 
of  conclusion/output  T0.  dowever,  setting  up  and  introduction  of 
quant araater  under  me  bundle  m  immediate  proximity  of  internal 
target  is  operationally  dirficultly  attained.  Therefore  for  the 
continuous  monitoring  cf  the  effectiveness  of  exit  into  the  annular 
chamber  was  established/installed  the  monitor  of  the  secondary 
emission  (JIVE)  ,  struct urally/constructurally  combined  with  the  target 
as  this  is  shown  in  Fig.  i  x.  Tne  calibration  of  sensitivity  dVS  was 
conducted  with  the  aid  of  tne  guantameter,  established/installed  in 
the  direction  of  the  output  of  y-oeam  at  a  distance  of  -18  of  ra  from 
internal  target.  Sensitivity  of  flV£  is  determined  by  tne  formula 
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where  QmM  and  Q.K6  ~  the  cnargas,  assembled  from  ;iV2  and  quantameter 
for  time  t  respectively,  e  -  electron  charge. 


This  value  proved  to  oe  equal  to  0.455  and  it  remains  constant 
with  precision/accuracy  ♦—  lOo/o  in  the  range  of  energies  1.5-5  GeV. 

The  divergence  of  the  cnar acteristic  of  conversion  MVS  with 
respect  to  the  current  from  tna  linear  law,  in  entire  range  of  the 
currents  reached,  lies/rests  at  limits  of  accuracy  of  measurement. 

As  can  be  seen  frcm  fig.  1«.,  uesidas  MV E  of  intensity,  before 
the  target  are  establirhed/instailed  the  two  additional  monitors  of 
the  secondary  amission,  wmcn  maxe  it  possible  to  determine  the 
vertical  position  of  bundle  in  the  place  of  conclusion/output  and  the 
stability  of  this  parameter  in  tae  time.  Actually/really,  a  change  in 
vertical  position  from  one  cycle  to  the  next  must  lead  to  an  increase 
in  the  vertical  size/dimension  y  -  bundle,  which  must  decrease  ths 
effectiveness  of  the  transportation  of  bundle  by  the  experimental 
targets.  Fig.  1b  shows  the  characteristic  of  the  transformation  of 
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deasur am ant s  showed  tnat  tne  <sf f activeness  of  conclusion/out put 
is  changed  in  “he  considerable  limits  depending  on  the  adjustment  of 
ihe  d  ’riving/concluding  da vicas/equipment,  state  of  magnetic  system 
and  from  th?  configuration  of  cna  real  relief  of  vacuum  chamber.  Hare 
has  in  mind  the  setring  up  of  one  or  the  other  devices/equipmant  into 
vacuum  chamber,  in  particular,  one  output  units  of  electron  beam, 
ere.  Therefore  for  an  improvement  in  conditions  of  conclusion  is 
necessary  information  accut  density  distribution  of  the  precipitation 
of  particles  according  tc  tne  perimeter  of  accelerator  at  the  moment 
of  conclusion/output.  For  tnis  purpose  on  the  perimeter  the  rings  in 
the  places,  close  to  the  maximum  of  the  function  of  floquet  |M,  are 
astablished/installed  tne  sensor  of  the  br°rasstrahl ung,  which  measure 
the  intensity  of  the  high-energy  part  of  it  spectrum. 
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As  the  same  were  tasted  tmc  x-w  aix-sd  ionization  chambers.  These 
chamber  design  is  determined  oy  tn«  configuration  of  site  of 
installation,  and  wall  thickness  as  determined  by  maximum  energy  of 
the  accelerated  particles. 

I 

Af  t  «r  conducting  of  a  comparative  calibration  of  sensitivity  of 
the  camera  the  obtaining  ar.a  information  processing  from  them  must  be 
conducted  as  follows.  During  orcugnt-out  internal  target  and  taken 
excitation  of  output  units  at  tna  moment  of  achieving  the 
orescribed/assigned  energy  is  turned  off /disconnected  accelerating 
voltage.  Asymmetry  of  readings  of  the  sensors  of  bremsstranl ung 
informs  about  the  presence  of  tna  extreme  points  wcere  first  of  all 
is  satisfied  the  condition 


■o 


(3) 


where  as  is  known  (for  example,  see  [2]),  *^(®) "  V®'  -  the 

coordinate  of  equilibrium  oroic  at  point  at  the  moment  of 
conclusion/output,  AT  -  energy  gain  per  revolution;  n  -  speed,  during 
which  the  bundle  is  displaced  into  vacuum  chamber;  Jf  -  the  mean 
radius  of  ring;  pa  -  raodulus/mcdule  of  the  function  or  floquat;  >)* 

-  radial  frequency  of  betatron;  a  -  number  of  periods  of  gradient. 

Further  with  connected  accelerating  field  and  brought-out  target 
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is  conducted  the  excitation  o z  zne  dariving/ccncludir.g 
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devices/equip ment.  If  for  a  period  of  time  of  excitation  sensors  do 
not  show  the  appearance  cf  radiation/emission  on  the  perimeter,  than 
orbit  distortions,  created  oy  the  uerivinq/ccncluding  settings  up, 
lie/rest  within  the  limits  of  allowances. 

For  increasing  the  precision/accuracy  of  the  laying  out  of 
bundles  y  -  quanta,  combination  of  the  axis/axle  of  bundle  with  the 
principal  axis/axle  of  experimental  installations,  decrease  of 
cluster  time  for  the  setting  up  cf  collimators  and  correct 
determination  of  the  coefficients  of  collimation,  and  also  for  the 
continuous  monitoring  of  the  position  of  the  axis/axle  of  bundle,  is 
utilized  the  instrument  for  measuring  the  center  of  gravity  y  - 
bundle.  Instrument  is  ionization  cnamber  with  the  symmetrically  cut 
collecting  anode,  as  shewn  schematically  in  Fig.  2a.  Fig.  2b  shows 
the  set  of  characteristics  of  the  transformation  of  sensor  in  the 
coordinates  of  displacement  x  and  ratio  Qi-Q2/Qi+Q2,  where  Qt  and  Q2 
-  charges,  measured  from  the  individual  parts  of  collecting  anode, 
for  the  different  values  or  raaii  of  bundles  (»««••)•  Is  remarkable  the 
fact  that  in  the  thickness  of  front/leading  chamber  wall  h,  equal  to 
2  mm,  the  achievement  of  relaticnship/ra tio  -  0,78  corresponds 

to  the  displacement,  equal  to  a  raaius  the  knob/arm/handle.  The 
precision/accuracy  of  tne  determination  of  the  center- of  gravity  X  ~ 
bundle  is  limited  by  the  accuracy  of  the  measurements  of  values  of  Qt 
and  Q 2  and  in  the  experiment  composes  -'2-Jo/o  of  the  diameter  of 
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The  described  methods  of  tne  detection  of  the  position  of 
internal  and  external  bunalos,  ana  also  the  possibility  of  continuous 
nonitoring  of  the  effectiveness  of  conclusion/output  make  it  possible 
to  construct  the  logic  of  tne  staoilization  systems  of  external  beams 
ARUS. 


Fig.  3  shows  the  system  of  rat.  location  of  sensors  circuit  t  - 
bundle  and  the  block  diayram  or  processing  obtained  information, 
which  makes  it  possible  to  stanj.lj.ze  the  position  of  the  axis/axle  of 
bundle,  and  to  also  automatically  change  its  intensity  from  the 
counting  rate  of  basic  experimental  installation.  Here  DI  -  the 
sensors  of  intensity,  DP  -  tne  position  detectors  f  of  bundle,  KV  - 
guantametor,  WVE  -  monitor  of  tne  secondary  emission  of  intensity, 

Kx ,  K 2  and  K3  -  collimators,  1  -  tne  block/module/unit  of  the 

continuous  determination  of  ratios  and  .  In  the  case  of  the 
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divergence  of  these  relations  rrorn  the  assigned  magnitudes  at  the 
output  of  block/mcduie/unit  1  will  appear  the  signal,  which  comes 
simultaneously  3  and  5.  ElocK/mcdule/unit  2  come  the  signals  from  th 
position  detectors  of  the  center  of  gravity  t  of  bundle.  In  the 
presence  of  signal  at  tne  output  of  bloclc/module/unit  2 
block/modula/unit  3  develops  tne  signal  which  enters  the  entrance  of 
block/inodule/unit  4,  whicn  controls  angle  of  slope  y*  -  bundle. 
Block/modula/unit  6  determines  relation  %• 
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~Qh"»  *  then  is  developed  the  signal  at  ths  entrance  of 
blcch/module/unit  7,  starring  device  of  th»  final  adjustment  of  the 
position  of  internal  beam  according  to  the  described  above  method. 
Blccu/module/unit  8  records  tne  average/mean  counting  rate  of  useful 
0  v  ^  r.  c  s  and  with  its  change  ours  our  signal  to  block/modulo/unit  9, 
which  controls  the  r «distriouricn  of  a  number  of  cycles  per  ^  '.d. 


concluded  along  this  channel 
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Fig.  3.  Distribution  of  sensors  according  to  the  circuit  and  system 
alecs  diagram  of  the  automatic  stabilization  of  the  space-  time 
characterist ics  of  external  ones  y  -  bundles. 

Key:  (1).  System  of  conclusiou/output .  (2).  Block/module/unit  of 

exciting  permanent  der  ivmg/coaciuuiny  magnets,  (3)  . 

Biock/raod ule/uniz  of  4  corrections  of  angle  of  incidence.  (4).  kV. 
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Discussion . 


A.  V.  Kochegurov.  what  system  ox  control  of  ohoton  bundles  is 
utilized  in  your  diagram:  according  to  the  divergence  or  extreme? 

I.  P.  Karabekov.  For  the.  correction  of  position  and  angle  of  photon 
bundle  are  utilized  the  devices/eguipmer.t  of  the  type  of  servo 
systems.  3v  presetting  is  astauiisuad/installed  the  necessary 
mode/cond itions  of  bundle,  and  tnan  are  switched  on  the 
devic  »s/squipmsnt  of  sterilization  according  to  the  divergence. 

K.  A.  3=lovintsav.  Whicn  the  accuracy  of  the  measurement  of  the 
center  of  photon  bundle  witn  tne  aid  of  sector  ionization  chambers? 

I.  P.  Karabekov.  ?r ecision/accur acy  depends  on  the  diameter  of  bundle 
and  with  the  available  electrometers  comprises  not  more  than  1/30 
this  diameter. 


A.  Ya.  Belyak,  Which  the  stability  of  bundle  in  the 
prescribed/assigned  by  ccnclus  .cn/output  channel? 

I.  P.  Karabekov.  With  tne  stauie  work  of  the  accelerator  the 
stability  of  the  intensity  of  Dundie  in  the  channel  is  not  worse  than 
♦-  15o/o, 
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K.  D.  Johnson,  ^hat  gas  is  utilized  in  : onization  chamber? 

I.  P.  Karabeicov.  Air. 

G.  V.  Sagdalvan.  In  the  control  system  has  the  capability  of  the 
control  of  the  angle  of  ut  incioence/ir,.  pingetn«nt  of  electron  beam  to 
the  target  ir  the  horizontal  plane.  This  is  reached  with  the  aid  of 
the  supplementary  windings  on  taa  olocks/modules/units  of 
electromagnet  which  give  tne  possioility  to  regulate  this  angle  in 
the  limits  of  +-0.  5  mrad.  The  system  of  correction  is  based  on 
current  control  in  these  windings. 

Prolonged  observations  snowed  that  th^  route  of  bundle  is 
sufficiently  stable,  and  its  divergences  on  the  basis  30-40  ra  do  not 
exceed  several  millimeters  (to  5-o  mm).  Large  divergences  it  was  not. 

On  the  vertical  line  were  coserved  the  departures/attendance  of 
bundle  because  in  the  section  or  tne  conclusicn/output  where  is 
arranged/located  physical  equipment,  are  located  massive  shielding 
blocks,  and  the  shrinkage  of  foundation  led  to  the  slant  of  magnet 
blocks  and  to  the  divergence  with  respect  to  the  apexes/vertexes  (on 
the  basis  40-50  m)  on  8-10  mm.  In  order  to  remove  these  divergences, 
it  was  necessary  to  restcre/rsduce  the  position  of  magpet  blocks. 
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122.  Automatic  measurement  of  pnase  volume  on  the  Yerevan 
synchrotron. 

V.  N.  Arutyun yan ,  G.  V.  Baualyan,  P,  G.  Vasilenko,  S.  K,  Yesin,  V.  K. 
Krol’ ,  V.  L.  Serov. 

(Yerevan  physical  institute)  . 

Is  known  the  series/row  of  raw  methods  of  the  automatic 
measurement  of  the  phase  volumes  or  bundles,  injected  into 
high-energy  accelerators  [1-3];  uowever,  they  all  provide  for  work  in 
the  mode/conditions  of  the  rar«iy  repeating  and  comparatively  long 
impulsas/momenta/pulses  and  in  connection  with  this  they  are 
unsuitable  for  measuring  tne  pnase  volume  of  the  injector  of  the 
Yerevan  synchrotron,  whicn  gives  current  pulses  with  the  duration  of 
1.5  us  with  the  frequency  of  50  Hz,  the  energy  50  MeV  and  the 
currents  in  the  impulse/nomentum/pulse  150  mA.  Is  known  method  [4] 
for  the  analogous  accelerator  ( DBS Y  in  Hamburg) ,  deficiency/lack  in 
which  is  the  fact  that  the  scanning  on  the  coordinate  is  conducted  by 
the  mechanical  displacement  of  the  collimating  shutter  in  the  vacuum, 
and  scanning  on  the  angle  is  acccaiplished/realized  with  the  aid  of  HF 
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capacitor/cond  enser,  adjusted  wimin  electron  conductor. 

In  the  present  worn  is  dsscrxoed  the  method,  which  makes  it 
possible  to  fully  automate  -chase  a- ,-asura raents  without  the  mechanical 
displacement  of  shutters  in  tne  process  of  measurement.  The  essence 
of  method  consists  of  tne  following.  All  displacements  of  beam  are 
accomplished/realized  warn  the  aid  of  the  magnetic  deflecting  system, 
established/installed  cut  of  cne  vacuum  volume  of  electron  conductor. 
3y  the  parallel  displacement  of  tne  beam  of  particles  relative  to 
first  motionless  collimator  sxots  are  cut  out  the  consecutive 
sections  of  beam  section  and  men  are  determined  the  critical  angles 
of  the  disagreement  of  each  cut  out  part  of  the  bundle  by  their 
divergence  relative  to  the  second  fixed  slit.  The  determination  of 
the  critical  angles  of  disagreement  is  accomplished /realized  by  means 
of  th a  .established/installed  after  the  second  slot  sensor  of 
intensity  signals  from  vhicn  modulate  the  brightness  swellling  of 
oscillograph.  In  this  case  the  Horizontal  sweep  swellling  of 
oscillograph  it  is  synchronized  with  the  parallel  displacement  of 
beam  of  particles,  and  the  vertical  deflection  of  the  light  beam  of 
oscillograph  is  synchronized  with  the  divergence  of  the  cut  out  part 
of  the  bundle  relative  tc  the  second  slot.  This  synchronization  makes 
it  possible  to  reproduce  on  the  oscilloscope  face  the  phase  volume  of 
bundle  on  the  specific  scale. 
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Phe  block  diagram  cf  ue vicc/s^uipmant  for  the  automatic 
measurement  of  phase  vciume  is  given  in  Fig.  1.  Dual  deflecting 
magnet  1  is  supplied  from  tne  sawtooth  current  generator  6  with  rise 
time  of  saw  20  s  and  currants  o-50o  raA,  and  provides  the  parallel 
beam  displacement  of  electrons  witn  the  energy  50  MeV  on  0. 1  mm  on  1 
mA  cf  current  in  the  magnet.  Single  deflecting  magnet  3  is  supplied 
from  the  sawtooth  current  generator  7  with  rise  time  of  saw  0.5  s  and 
currents  0-750  mA  and  provides  tha  rotation  of  bundle  at  an  angle 
cf  0.03  mrad  on  1  mA  of  current  in  the  magnet.  As  the  meter  of 
beam  current  6  serves  toroidal  rerrite  sensor  with  the  sensitivity  of 
1  mV/aA,  signals  from  wnicii  tnrougn  the  amplifier  with  the 
amplification  factor  by  1000  are  supplied  to  the  special  modulator  of 
the  brightness  of  the  lignt  beam  of  oscillograph. 

The  width  of  slots  is  selected  as  being  equal  to  1  nun  in  order 
to  have  the  capability  to  sufficiently  thinly  investigate  the 
structure  of  bundle  and  to  obtain  m  this  case  the  signals  from  the 
meter  of  current,  which  exceed  interference  level. 

Minimum  speed  of  tne  displacement  of  the  beam  before  tha  first 
slot  determines  the  time  (order  20  s) ,  necessary  for  obtaining  of  one 
full/total/complete  frame  on  oscilloscope  face.  A  decrease  in  the 
velocity  of  tha  displacement  of  neam  although  raises  the  accuracy  of 
measurement,  impedes  the  observation  of  the  form  of  phase  ellipse  due 
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to  the  insufficient  time  of  ta=  screen  afterglow  of  oscillograph. 

The  scanning  rims  of  me  cut  out  part  of  the  bundle  before  the 
second  slot  is  selected  egual  tc  0.5  s  from  the  compromise 
considerations,  since,  on  one  hand,  this  time  must  be  much  less  than 
th=  time  of  the  displa cornea c  of  tna  beam  before  first  slot  (in 
contrary  case  is  reduced  tne  accuracy  of  the  measurement  of  the 
coordinate  of  the  cut  cut  part  of  the  bundle),  on  the  other  hand, 
this  time  must  be  much  more  than  the  repetition  period  of  current  of 
the  bundle  being  investigated  (otherwise  is  reduced  the  accuracy  of 
the  measurement  of  the  critical  angles  of  disagreement)  . 

The  final  selection  of  the  width  of  slots  and  time  of  scanning 
on  the  coordinate  and  tne  angle  is  accoraplished/rsalized  taking  into 
account  the  concrete/specif ic/actual  parameters  of  the  bundle  being 
investigated  and  sensitivity  of  equipment  for  measuring  the  beam 
current, 

in  this  article  is  examined  only  the  measurement  of  phase 
ellipse  in  the  horizontal  plane.  Ihe  measurements  of  vertical  phase 
ellipse  are  made  analogously. 


Fig.  1.  Block  diagram  cx  ae vice/eguipmsnt  for  the  automatic 
measurement  phase  volume.  1  -  aual  deflecting  magnet;  2  -  first 
collimating  slot;  3  -  single  deflecting  magnet;  4  -  second 
collimating  slot;  5  -  meter  of  oeam  current;  6,  7  -  sawtooth  current 
generators;  8  -  modulator  of  ue  light  intensity  of  oscillograph. 

Page  112. 

Fig.  2  depicts  the  horizontal  emittanca,  obtained  by  the  method 
of  the  mechanical  scanning  of  ounaie  with  the  aid  of  two  movable 
collimating  slots. 

The  horizontal  emittance,  constructed  on  the  basis  of  the 
measurement  of  coordinates  a^u  angles  via  the  discrete/digital 
scanning  of  bundle  the  magnetic  field  of  the  relative  to  motionless 
slot  is  given  in  Fig.  3. 


y 
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From  the  examination  of  Fig.  2  and  3  it  is  evident  that  the 
ellipses,  obtained  by  tnese  methods,  greatly  insignificantly  differ 
ore  from  another. 

The  ellipse,  observed  on  me  oscilloscope  face  (Fig.  4),  is 
analogous  given  in  Fig.  2  and  J. 


Srror  of  measurement  of  me  onase  volume  of  order  20o/o 
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g.  2.  Horizontal  emittance,  ootained  by  '‘method  of  two  slots”. 


y:  (1)  .  mrad.  (2)  .  tam*mrad. 

y.  3.  Horizontal  emitzaaca,  obtained  via  scanning  of  bundle  by 
gnazic  field  relative  to  fixed  slits. 


(1).  mrad.  (2).  mtn*mraa 
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Fig.  4.  Horizontal  ennaizance.  obtained  by  automatic  method  on  the 
oscilloscope  face. 
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123.  Device/equi pment  for  ue  resonance  excitation  and  measuring  the 
betatron  oscillations  cf  proton  synchrotron  IFVE. 

A.  M.  Gudkov,  A.  A.  Kuz'min,  V.  ¥a.  Pisarevskiy ,  G.  F.  Senatorov,  I. 
I.  Sulygin. 

(Institute  of  high-energy  pnysics;  the  radio  engineering  institute  of 
the  AS  USSR)  , 

For  the  investigation  of  tne  dynamics  of  the  particle  motion, 
position  of  operating  pciaz  in  me  cags/cell  cf  frequencies  of  the 
betatron  i:i  the  process  ox  acceleration  in  entire  range  of  energies 
on  the  proton  synchrotron  IFVE  was  developed  and  realized  the  special 
device/equipment,  which  maximally  uses  the  available  on  the 
accelerator  equipment. 

In  works  [1-3]  are  in  derail  described  the  methods  of  measuring 
the  betatron  oscillations.  All  tness  methods  are  connected  either 
with  the  measurement  of  tne  distortions  of  the  equilibrium  orbit 
which  appear  upon  the  inclusion/connection  of  permanent 
disturbance/pert urbaticn  on  certain  azimuth  of  the  ring  of 
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■accelerator  into  the  interesting  researchers  cycle  rime  or  with  the 
measurement  of  period  cr  coherent  uatatron  oscillations.  In  work  [1] 
it  is  proposed  to  plot  the  a laoiatuae- phase  curve  of  the  response  of 
bundle  tc  the  resonance  excitation  and  of  it  to  reduce  the  function 
of  particle  distribution  in  tne  bundle  according  to  the  frequencies 
of  betatron. 

The  authors  stopped  at  me  resonance  method  of  exciting  the 
betatron  oscillations.  The  as  tarnations,  carried  out  on  the  basis  of 
works  [1,  3],  showed  that  if  we  assign  the  amplitude  of  steady-state 
oscillations,  equal  to  1  mm,  and  oy  the  scatter  of  frequencies  of  the 
betatron  6Q=0.01,  then  on  me  maximum  energy  in  70  GeV  it  is 
necessary  to  create  in  the  straigat  portion  with  a  length  of  1.5  m 
variable  resonance  field  warn  me  stress/voltage  ~8*10-3  V.  If  we 
consider  it  possible  that  tne  frequency  of  betatron  i  during  entire 
cycle  of  acceleration  can  re  cnanged  in  the  limits  from  9,55  to  9.95 
£0  (where  fQ  -  frequency  of  revolution  of  particles) ,  then  the  band 
of  the  generating  device/e^uipment  must  be  order  80-90  kHz.  During 
calculations  it  was  assumed  mat  the  bundle  is  not  monoenargetic ;  the 
width  of  the  resonance  .frequencies  of  the  bundle  is  determined  only 
by  the  scatter  of  particles  by  the  frequencies  of  the  betatron  of 
frequency  of  vertical  and  radial  are  sufficiently  spread. 

Calculations  showed  the  possibility  of  using  as  the 
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high-frequency  power  afrplxriar  any  of  che  accelerating  stations  of 
proton  synchrotron  IFVE  [4j  wi-.n  taa  minimum,  undemanding  essential 
expenditures  of  forces,  resources  and  time,  alterations. 


The  block  diagram  cx  excitor  is  shown  in  Fig.  1.  Signal  from  the 
master  oscillator  of  synenrotroa  with  the  frequency  30fo  through  the 
key/wrench,  which  is  determining  oeginning  and  duration  of 
high-frequency  "packet"  and  paase  inverter,  comes  the  entrance  of  the 
accelerating  station,  it  is  amplified  and  is  supplied  to  the 
actuating  elament/cell  -  exciting  plates.  The  given  above  value  of 
maximum  stress/voltage  -  d.U  sq .  aiapl.  -  was  obtained  with  the 
geometry  of  plates,  which  is  optimally  entered  in  the  overall  design 
of  the  end  devices  of  station.  The  supplementary 

capacity/capacitance,  introduced  by  plates  into  the  resonance  system 
of  the  final  stags  of  station,  is  compensated  by  the  decrease  of  the 
value  of  the  fine-adjustment  (shortening)  capacitors/condensers  of 
resonator. 


Input  signal  30fo  is  supplied  also  to  the  divider,  which  has 
exit  frequency  30fo/K,  where  K  -  can  take  any  value  in  the  limits 
from  60  do  300  with  the  step/piten  through  unity.  Stress/voltage  from 
the  divider  enters  the  control  grid  of  the  second  cascada/stags  of 
the  station  where  is  acccmplisned/reaiized  a  deep  (to  lOOo/o) 
amplitude  modulation  of  the  carrier  frequency.  During  the  preliminary 
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search  of  resonance  frequencies  tae  modulating  stress/voltage  car.  be 
supplied  from  the  usual  audioxr eguency  oscillator. 

The  exit  strsss/vcltaga  ox  device/equipment  is  correspondingly 
ohased  with  accelerating  voltage  ox'  the  entire  system  of  stations. 

The  system  of  the  automatic  frequency  control  (APCh)  of  station 
works  according  to  the  principle  ox  the  continuous,  monotonic 
rearrangement  of  resonator  from  t sx-a  low  frequency  to  the  high.  So 
that  the  pulse  signal  cx  "pacxst"  (with  the  work  on  the  average/m ean 
and  high  energies)  would  prove  to  me  within  pull-in  range  of  system 
APCh  and  the  fronts  of  the  increase  of  output  potential  would  be 
minimum,  was  used  the  special  system  of  the  preliminary  magnetic 
biasing  of  ferrite  and  adjustment  of  resonator  in  the  required  signal 
frequency. 

For  the  possibility  of  tne  operational  changeover  of  the  system 
of  driving  with  R  to  Z  or  oscillation  and  vice  versa  was  realized 
special  switching  circuit.  Diagram  makes  it  possible  to  also  carry 
out  switching  on  of  all  four  plates  for  the  creation  of  guadrupole 
field.  As  the  commutating  eiements/cells  are  used  vacuum  switches 
with  electromagnetic  control. 
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Fig.  1,  Block  diagram  ox  the  exciter  of  betatron  oscillations.  1  - 
master  oscilli  tor;  2  -  pnase  inv«rtar;  3  -  key/wrench;  4  -  power 
amplifier;  5  -  resonator;  t>  -  exciting  plates;  7  -  oscillator  of  low 
frequency;  8  -  synchronous  divider;  9  -  timer;  10  -  waiting 
multivibrator;  1 1  -  dc  amplifier;  12  -  oscillograph. 

Page  114. 

The  procedure  of  tne  adjustment  ~f  the  exciter  of  betatron 
escalations  consists  ci  tna  following;  1)  at  the  moment  of  the  cycle 
of  the  acceleration,  whicn  interests  researcher,  is  switched  on  and 
is  adjusted  high-frequency  packet.  Its  amplitude  and  fora  are  checked 
on  the  oscillograph.  Amplitude  is  establ ished/installed  in  accordance 
with  the  energy  of  protens;  2)  from  the  frequency  divider  or  from  the 
audio  signal  generator  is  supplied  the  modulating  signal  and 
simultaneously  is  checked  the  filtered  and  amplified  differential 
signal  from  the  sensitive  signal  electrodes.  Selecting  frequency  and 
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depth  of  modulation,  operator  attains  the  maximum  amplitude  of 
response. 

Fig.  2  shows  the  cnaracter lstxc  oscillograms  of  the  adjustment 
of  the  moda/conditions  cf  excxtatxon  and  measurement.  Tha  block 
diagram  of  observation  and  measurement  of  frequencies  of  the  betatron 
is  shown  in  Fig.  3. 

j 

Observing  the  process  of  tae  ouilding  up  cf  oscillations  and 
their  fading  after  the  disconnection  of  the  signal  of  excitation,  it 
is  possible  to  evaluate  tae  scatter  of  particles  in  the  bundle  in  tha 
frequencies  of  betatron  and  to  determine  with  the  high 
precision/accuracy  the  supplement  of  frequency  of  betatron  to  the 
nearest  integer.  Frequency  cf  betatron  can  be  determined  in  tha 

modulation  frequency,  but  tais  procedure  does  not  give  the  required 
precision/accuracy  because  from  one  cycle  to  the  next  due  to  the 
instabilities  of  the  parameters  cf  accelerator  somewhat  are  changed 
excitation  condition.  Tnerefoco  tha  precise  measurement  of  frequency 
of  betatron  was  carried  out  witn  tna  aid  of  the  device/equipment, 
which  measures  the  period  of  free  oscillations  after  the 
disconnection  of  excitation.  Da vxce/equipment  makas  it  possible  to 
isolate  at  will  of  operator  from  cne  to  seven  periods  cf  free 
oscillations  and  with  the  aid  of  tne  counter  to  conduct  the  count  of 
a  number  of  impulses/mcmenta/puises,  which  follow  with  th<=>  frequency 
30fo  and  which  fill  the  cnosen  interval. 
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Fig.  3.  The  block  diagram  of  excitation  and  measurement  of 
frequencies  of  the  betatron:  1  -  system  of  the  resonant  step-up:  2  - 
exciting  plates;  3  -  signal  electrodes;  4  -  differential  amplifier;  5 
-  filters  of  low  frequencies;  o  -  oscillograph;  7  -  davice/equipment 
for  isolation/libaraticn  1,  3,  5,  7  -  periods;  8  -  counter;  9  - 
controlled  delay;  10  -  timer. 

Page  115. 


The  error  in  measurement  in  tms  case  can  be  calculated  according  to 
the  following  formula 

where  %  the  error  in  interval  measurement  in  p  -  periods;  n  - 
number  of  measured  periods;  ^  -  supplement  Q  to  the  nearest  integer. 


Is  possible  to  easily  ascertain  that  the  maximum  error  is 
obtained  with  q=0.5  and  n=1  comprises  ~  +  -8. 3»10  "3. 

In  the  measurement  or  seven  periods  and  g=0. 1  the  error  does  not 
exceed  +-5*10 '5.  Under  the  actual  conditions  for  the  measurements, 
wnich  were  being  carried  cun  on  the  synchrotron,  the  error  did  not 
exceed  5 • 1 0  • 

Thus,  on  the  accelerator  IfVE  to  the  energy  70  GaV  were  carried 
out  the  measurements  of  frequencies  of  the  betatron  in  entire  range 
cf  f-nergies.  Measurements  were  conuuctsd  without  the  interferences 
with  physical  experiments,  since  tne  amplitude  of  the  building  up  of 
oscillations  in  entire  cycle  of  acceleration  did  not  exceed  1  mm. 

The  results  of  the  measurements  of  frequencies  of  the  betatron 
employing  the  described  procedure  on  the  high  energies  were  utilized 
for  calculating  the  systems  of  conclusion/output;  on  the  low  energies 
-  for  the  selection  of  optimum  correction  and  preliminary 
investigations  of  work  of  tne  accelerator  with  the  high  currants. 

The  authors  express  appreciation  to  G.  G.  Gurov,  K.  F.  Gertsev, 
A.  A.  Rukin,  who  rendered  yreat  assistance  in  the  adjustment  of 
equipment  and  conducting  ox  measurements. 
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12  4.  Reconstruction  cf  this  accelerating  stations  cf  proton 
synchrotron  I?VE. 

3.  M.  Gutner,  V.  Ye.  Pisarcvsxiy,  V.  V,  Polyarkov,  I.  I.  Sulygin,  V, 
A.  Sichev,  3.  K.  Shsmbsi*. 

(Institute  of  high-energy  pnysics)  . 

With  design  and  modernization  of  contemporary  accelarators  -is 
logical  the  tendency  tc  arrangs/locate  a  maximum  quantity  of 
technological  equipment  beyonu  the  limits  of  radiation-hazardous  zone 
[1,  2].  This  raises  the  raiiauility  of  the  work  of  systems,  increases 
the  service  life  of  parts  and  assemblies  of  equipment  due  to  the 
elimination  of  the  effect  ox  radiation,  facilitates 
maintenance/servicing,  gives  tne  possibility  of  conducting  repair 
work  without  stopping  of  accelerator.  Special  importance  this 
principle  of  the  arrangement/positron  of  equipment  acquires  with  the 
contemporary  tendencies  toward  a  considerable  increase  in  the 
intensity  of  accelerators  and  duration  of  the  performances  of  their 
continuous  work.  On  the  basis  of  these  considerations,  in  IFYE  was 
developed  the  project  cf  tea  reconstruction  of  the  accelerating 
stations,  after  actualization  ox  wnich  in  the  circular  hall  of 
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accelerator  remain  only  tn<s  rdscnatcr,  the  output  stags  and  the 
system  of  their  cooling.  diocx.  diagram  and  location  of  the  equipment 
of  existing  station  [3]  are  snown  in  Fig.  1  of  that  reconstructed  - 
in  Fi  g  •  2 . 

Project  allows  for  tnd  possa.oj.lity  of  simultaneous  operation  of 
the  existing  and  reconstructed  stations,  which  makes  it  possible  to 
realize  it  gradually,  wixnout  special  accelerator  shutdown. 

It  is  given  below  the  analysis  of  the  diagram  of  the  HF  supply 
of  the  output  stage  on  the  cauls  and  the  basic  results  of  experiment. 

Agreement  of  HF  cable  m  tne  range  of  frequencies. 

it  present  signal  from  tne  master  oscillator  is  opened  to  the 
separate  stations  on  the  matched  HF  cables  at  the  level  3  V.  With  the 
caTvino  out  of  prefinai  cascade/stage  appears  the  problem  of  the 
agreement  of  cable  with  input  circuit  of  lamp  GU-47B  in  the  range  of 
the  frequencies  of  2, 5-6.1  MHz  at  the  level  150-200  V. 

v. 

In  the  broadband  diagram  or  agreement  the  power  of  penultimate 
cascade/stage  proves  tc  nts  equal  to  several  hundred  watts.  In  this 
case  is  required  the  use/application  of  a  2-  kilowatt  lamp  with  the 
forced  cooling  and  appear  difficulties  with  the  arrangement/position 
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of  preliminary  HF  circuit. 


The  economical  diagram,  wmcn  ensures  satisfactory  agreement, 
can  be  realized  by  the  usa/applicacion  of  the  reconstructed  in  the 

-ft 

range  contours/outlines  (Fag.  J) .  For  this  diagram:  ^  *-^rf  • 

•j  .  w 

Here  u,-l<  —  -  amplitude  of  the  incident  wave;  Pt ,  P2  -  reflection 

coefficients  from  the  oscillator  and  from  the  load;  * 

propagation  constant;  o t  -  decay  constant;  m  -  phase  constant. 


Page  116. 


Diagram  assumes  obtaining  tne  linear  phase  shift  between  u2  and  Ij, 

If  the  first  (anodic)  conto ur/out line  is  accurately  adjusted  into  the 
resonance,  and  K SB  in  tne  feeder  is  different  from  1,  than  obtaining 
linear  phase  shift  is  possiole  only  due  to  the  complexity  of  the 
input  resistance  of  the  secona  (ynd)  contour/outline,  i.e.,  due  to 
its  detuning.  The  angle  of  tais  detuning  is  determined- from  the 


relationship/ratio 


2atamB 

^  ^  B*d.ta?roC  y 


•2^6  _  .  2ott 

where  a- (Kri)(Kj-1)e  ;  6»(K'«i)«(Krl)e  ; 

d»(K,-M)-(Krl)eJ“e;  a  Kf- 
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-  KSV  ia  the  direction  to  tne  oscillator  and  in  the  direction  to  the 

d 

load.  Naximua  detuning  obtained  when 


fiats  of  change  in  tne  phase  ox  contour/outline 


dg  2q(1  +  tQtmt)(8-d-t9ttnt) 


d(mt)  (5fd-tqJmt)a«-4a2t$J  mt 


a  as  maximum 


d(n*ej 


2a 


- — —  when  t(j  mt»< 

max  a 


The  change  in  che  phase  angle  of  contour/outline,  necessary  for 
obtaining  of  linear  phase  snixt  in  the  feeder,  presents  supplementary 
requirements  to  the  speed  ox  tne  rearrangement  of  the  frequency  of 
the  contour/outline 

i  if.  *i%x9\ 

*tSx\{+do^  T7* 

Cm 

Here  Tpm~f-  ~  delay  time  in  tne  xeeder;  f*  and  -  rate  of  change 
in  th i  frequency  of  the  master  oscillator  and  frequency  of 
contour /outline. 


The  given  analysis  is  made  on  the  assumption  that  the  first 
contour/outline  is  adjusted  into  the  resonance,  i.e,,  Z|=Hl.  The 
parameters  of  circuit,  used  in  the  project,  virtually  satisfy  this 
requirement.  Both  contours/outlines  are  wound  on  the  identical 
ferrite  rings,  has  an  identical  quantity  of  turns  of  magnetic  biasing 
and  they  are  reconstructed  ny  one  current.  Energy  factor  of  the 
loaded  plate  circuit  Qt=1—  1. 5;  grid  Qa=7-10;  Kz^2;  K4<5  talcing  into 
account  the  internal  impedanca  ox  oscillator;  e'imt  *  o,s.  To  these  data 


t 
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corresponds  comparatively  smaii  angle  20°.  In  this  case  the 

detuning  of  plate  circuit  uoes  act  exceed  2-3°,  i.e.,  contour/outline 
is  virtually  adjusted  and  initial  assumption  is  correct. 

Contour/outline  are  reconstructed  by  the  static  system  of 
self-alignment  the  phases  (APF t )  of  oscillations  on  the  grid  of 
output  tube  und=r  the-  pnase  of  tne  input  signal,  which  passed  through 
the  cable  of  delay  (Fig.  2).  with  a  comparatively  low  coefficient  of 
the  control  of  system  K=25  the  static  error  does  not  exceed  20°. 


£>>  ’  V*  '  'i 
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Pig.  1,  Block  diagram  or  accelerating  station;  OP  -  serviced 
locations;  KZ  -  circular  nail;  1  -  preliminary  HF  circuit;  2  - 
panultimata  lamp  G0-40B,  3  -  da vice/eguipment  of  interstage 
connection/communicaticn ;  4  -  output  tube  GU-47B;  5  resonator;  6  - 
powerful/thick  semiconductor  dc  amplifier;  7  -  delay  line;  8  -  phase 
discriminator;  9,  11  -  electron-tune  dc  amplifiers;  10  - 
block/module/unit  of  phase  checking;  12  -  power  supplies;  16  -  system 
of  control,  blocking  and  signaling;  li  -  reference  voltage. 

OH 


Pig.  2.  Block  diagram  of  reconstructed  accelerating  station.  OP  - 
serviced  locations;  KZ  -  circular  nail;  1  -  preliminary  HF  circuit;  2 
-  contour/outline  of  the  penultimate  casca’de/stage;  3  -  cables  with  a 
length  of  200  m;  4  -  grid  circuit;  5  -  output  tube  G0-47B;  6  - 
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resonator;  7  -  delay  line;  8  -  pnasa  discriminators;  9,  10,  1 1  -  dc 
amplifiers;  12  -  circuit.  of  comparison;  13  -  detector;  14  - 
blcdc/moduls/unit  of  the  inspection  of  amplitude;  15  -  power 
supplies;  16  -  system  cf  control,  olocking  and  signaling;  - 

reference  voltage. 
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Fig.  3.  The  equivalent  diagram  or  the  grid  circuit  of  final  stags  Rt, 
Xt ,  -  the  equivalent  parameters  of  the  plate  circuit  of 

penultimate  cascade/stage;  ctz,  X2,  S2  -  equivalent  parameters  of  grid 
circuit;  W  -  wave  impedance  of  canis;  I  -  input  current;  (J2  -  grid 
voltage. 

Page  117, 

The  total  time  constant  of  field  windings  is  2  ps.  Dynamic  error 
taking  into  account  an  increase  m  the  necessary  for  speed 
rearrangement  of  contour/outline  m  this  case,  does  not  exceed  2°, 
i.e.,  virtually  it  is  ansent. 

To  decrease  the  static  error  is  not  expedient,  since  the  system 
of  the  self-alignment  of  resonator  (APF2)  has  approximately  the  sama 
error.  With  their  precise  equality  the  output  tube  will  feel  only  the 
dynamic  detuning  of  resonator. 
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Construction/design  and  results  cl  experiment. 

3snausa  of  the  use/appiicacion  of  the  reconstructed 
contours/outlines  the  output  stage  of  preliminary  BF  circuit  it  was 
possible  to  construct  cn  two  connected  in  parallel  lamps  with  the 
natural  cooling  of  the  type  GU-/9.  Prefinal  broadband  cascade/st age 
is  carried  out  on  twc  lamps  6F5P  with  the  correction.  It  is 
controlling  in  the  system  ABU.  At  the  entrance  of  amplifier  will  cost 
cathode  follower  n  lamp  bi15P. 

The  diagrams  of  the  seif-alignment  of  phase  and  ARO  are  carried 
out  on  the.  semiconductors  in  ona  general/common/total 
block/raodule/unit  of  autotuniny. 

The  extensible  blochs/moaules/units  of  preliminary  HF  amplifier 
and  autotuning  are  constructed  on  the  basis  of  standard 
chassis/landing  gear  and  are  placed  in  the  cabinet  of  the  supply  of 
station. 

The  output  stage  remains  in  tne  extensible  unit  of  the 
accelerating  device/ equipment.  Fig.  4  and  5  show  the  layout  of  the 
existing  and  new  r-f  units.  It  must  be  noted,  that  in  the  new  unit 
there  is  a  place  for  distribution  of  more  poverf ul/thicker  output 
tube  that  gives  the  possimlity  cf  further  development  of  system. 
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The  developed  diagram  of  reconstruction  was  investigated 
experimentally  on  the  special  uencn.  The  nonuniformity  of  amplitude 
on  the  grid  of  output  tube  witn  -  200  MHz/s  does  not  exceed 
♦-IO0/0,  but  the  divergence  of  pnase,  caused  by  the 
disagre ament/raismatch  of  caola,  iibs/rests  within  limits  of  +-2°. 

During  August  1969  diagram  were  introduced  on  one  of  the 
stations  of  accelerator  and  it  worxs  under  actual  conditions  for  3.8 
thousand  hours.  Within  this  time  it  was  not  one  case  of  failure  of 
equipment,  arranged/located  in  tna  circular  hall,  and  the  units  of 
preliminary  HF  amplifier  and  autotuning. 

The  estimated  time  of  cha  mean  time  between  failures  of  the 
equipment  of  station,  whicn  remains  in  the  circular  hall,  is  10 
thousand  hours,  that  3  times  tnan  nigher  existing. 


Fig,  4.  R-f  unit  of  accelerating  station 


Fig.  5,  R-f  unit  after  reconstruction. 
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125.  Equipment  for  the  syncaronxzation  of  the  systems  of  the  output 
of  Yerevan  synchrotron. 

y 

V.  G,  ivkin,  V.  n.  Mlnyaev,  I.  V.  aozm,  Ye.  Ye.  Trifoa. 

A 

(Scientific  research  institute  of  the  el ectrophysical  equipment  im. 

D.  v.  Efremov) . 

Equipment  for  the  synchronization  of  the  systems  of  the 
conclusion/output  of  Yerevan  synchrotron  is  intended  for  the  central 
control  of  the  work  of  the  elements/cells  of  the  conclusion/output  of 
electron  beam  into  accelerator  chambers  and  beam  spill  to  internal 
targets,  and  also  for  the  synchronization  of  equipment  for  physical 
experiment. 

The  output  pulses  of  equipment  for  synchronization  control  the 
work  of  the  following  systems  of  conclusion/output:  a)  the  systems  of 
local  orbit  perturbation;  b)  the  power-supply  system  of 
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septum-magnet;  c)  the  power-supply  system  of  the  deflecting  magnet; 
d)  the  power-supply  systems  of  guaurupole  and  sextupole  lenses;  e) 
the  equipment,  which  disconnects  HF  generator;  =quipment  for 
physical  experiment. 

Fig.  1  shows  the  block  diagram  of  =quipment  for  the 
synchronization  of  the  systems  of  conclusion/output. 

Equipment  encompasses  integrator  with  four  comparators  and  four 
diagrams  of  electronic  delay  ana  provides  the  work  of  four  channels 
of  conclusion/output. 

Impulses/raomsnta/pulses  tor  tne  starting/launching  of 
experimental  equipment  are  developed  with  the  aid  of  the  integrator 
with  the  comparators  and  correspond  to  the  specific  value  of  the 
building  up  magnetic  field  xn  the  clearance  of  the  measuring  unit  of 
electromagnet. 

Impulses/momenta/pulses  for  the  starting/launching  of  output 
units  are  developed  with  tne  aid  of  the  precision  variable  delay 
lines  relative  to  the  reference  puj.se,  created  at  the  moment/torgue 
when  magnetic  intensity  in  tne  clearance  of  measuring  unit  is  equal 
to  zero. 


Is 
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Job  priority  and  duration  of  the  work  of  each  channel  of 
conclusion/output  are  determined  ny  programmer,  while  the  job’ 
priority  of  the  elsments/cbils  or  conclusion/output  is  determined  by 
the  value  of  the  astablished/instailed  delays. 


I  1 


All  sensors  of  equipment  for  synchronization  are  located  in  the 
location  of  measuring  units,  and  programmer,  diagrams  of  controlled 
delays  and  output  stages  of  equipment,  and  also  equipment  for  check  - 
in  the  location  of  main  accelerator  frequency. 

1.  Integrator  and  comparators. 

The  voltage  from  tne  induction  coil,  proportional  by  the 
derivative  of  magnetic  field,  arranged/located  in  the  clearance  of 
measuring  unit,  on  coaxial  cade  is  supplied  to  the  electronic 
integrator  with  the  commutator  xxom  output  of  which  is  removed/taken 
the  signal,  proportional  to  magnetic  field  only  during  its  build-up. 
To  the  output  of  integrator  are  connected  four  diode-regenerative 
comparators,  the  moments  of  operation  of  which  are  determined  by  the 
levels  of  reference  voltage.  A  quantity  of  points  of  reference 
voltage  is  selected  as  being  equal  to  thousand.  The  value  of 
reference  voltage  is  estadisaed/installed  on  the  programmer.  The 
instability  of  the  output  pulses  of  comparators  relative  to  the 

rating  value  of  magnetic  field  in  the  range  from  1000  to  8000 
oersteds  does  not  exceed  0. lo/o. 


Block  diagram  of  equipment  for  tna  synchronization  of  the  systems  of 
conclusion/output. 

Kay:  (1).  Location  of  measuring  units.  (2).  Location  of  main  control 
panel.  (3).  Integrator.  (4).  Comparator.  (5).  VYKh  cascade/staga. 

(6).  Variable  delay  line.  (7).  channel.  (8).  Shaper.  (9).  Programmer 
(10).  Diagram  of  chack,  (11).  Impuise/momentum/pulse  of  readiness. 

Page  119, 

2.  Diagram  of  controlled  delay. 
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The  diagram  of  controlled  delay  consists  of  crystal  oscillator 
with  the  frequency  of  1  Mriz,  four  ascimal  counters  with  a 
ca pacity/capacitance  of  104  each  and  23  diagrams  of  the  formation  of 
output  pulses,  on  savor.  -  of  eaca  channel  of  equipment. 

Prom  the  signal  of  crystal  oscillator  are  fora  ed/shaped  the 
square  pulses,  which  enter  one  ox  four  counters,  in  the  dependence  on 
the  state  of  programmer.  Generai/common/total  duration  of  delay  10 
ms.  The  selection  of  delay  factors  of  each  of  seven  output  pulses  is 
accomplished/realized  via  tne  connection  of  the  corresponding 
coincidence  circuits  to  tne  outputs  of  the  decoders  of  two 
latter/last  decades/ten-day  periods.  Delay  factor  is 
sst ablishsd/installed  by  switcnes;  the  discreteness  of  installation 
100  ms. 

The  diagram  of  the  formation  of  output  pulses  contains  the 
continuously-ad j usta ble  delay  line  and  the  exit  blocking  oscillator, 
which  ensures  at  the  output  of  nundred-meter  cable  with  the  wave 
impedance  of  75  ohms  positive  pulse  with  an  amplitude  of  5  V  and  with 
duration  of  5  ps. 

The  stability  of  delay  factors  of  output  pulses  relative  to 
reference  pulse  is  better  than  10  ps. 
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3.  Programmer. 

Programmer  consists  or  tue  counter  of  a  number  of  cycles  of 
acceleration  and  whole  series  of  tne  logic  circuits,  which  allow  the 
providing  of  order  and  duration  of  the  operation  of  each  of  four 
channels  cf  conclusion/c utput. 

The  operating  cycle  or  programmer  is  selected  either  by  50  c 
1000  cycles  of  acceleration. 

Programmer  provides  the  following  operating  modes:  a)  continuous 
operation  of  any  of  the  channels  of  conclusicn/output;  b)  the  work  of 
two  any  channels  alternately;  c)  tne  work  of  two  channels 
alternately,  moreover  cne  cnannel  works  two  times  of  mere  than 
another,  d)  the  work  of  two  cnannels,  moreover  one  channel  works  by  n 
cycles  of  acceleration,  anu  anotuer  -  50  (100)-n  cycles;  e)  the  work 
of  cne  channel  during  the  n  cycles  of  acceleration,  and  the  work  of 
two  any  others  during  50  (100) -n  cycles  in  accordance  with  paragraphs 
b  and  c. 

• 

In  ail  operating  modes  one  of  the  channels  is  found  in  the 
waiting  mode/conditions,  i.  e.,  negins  to  work  with  the  arrival  of  the 
impulse/momentum/pulse  cf  the  reacuness  of  experimental  equipment,  in 
this  case  in  this  cycle  of  acceleration  all  remaining  channels  are 
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blocked. 

The  moment  of  operation  of  the  "waiting  channel"  can  oe  detained 
relative  to  the  impulse/moinancum/pulse  of  readiness  for  1-5  cycles  of 
accel eration. 


4.  Diagram  of  check. 


Equipment  for  synchronization  encompasses  the  diagram  of  check, 
which  makes  it  possible  to  operationally  check  the  correctness  of  the 
work  of  equipment.  The  diagram  of  check  provides  measurement  by 
choice  of  delay  factor  cf  any  of  2d  output  pulses,  measurement  of  the 
duration  of  the  work  of  any  of  tae  channels,  expressed  by  a  number  of 
cycles  of  acceleration  during  the  operating  cycle  of  programmer.  The 
diagram  of  check  provides  also  visual  control  of  the 
established/installed  pregram. 


Equipment  for  the  syncnromzation  of  the  systems  of  the 
conclusion/output  of  Yerevan  synenrotron  is  carried  out  in  the  form 


of  two  standard  struts.  For  tae 
reliability  in  the  equipment  is 
is  provided  for  cold  reserve  of 
equipment. 

The  operation  of  equipment 


purpose  of  an  increase  in  the  ' 
widely  used  the  slipping  redundancy 
all  basic  building  blocks  of 

during  two  years  confirmed  its  high 


reliability 
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126.  Precision  wide-range  thyristor-transistor  stabilizer  of  high 
currents. 


Yu.  N.  Denisov,  V,  V.  Kalin icn^nxo,  V.  A,  Perezhogin. 

(Joint  Institute  for  Nuclear  Research) . 

Transistor  compensative  currant  regulators  are  used  extensively 

in  the  power-supply  systems  or  the  electromagnets  of  physical 

installations  [1-5].  Such  stamlizers  provide  the  prolonged  stability 

of  fiald  current  by  0. C1-0. 00 lo/o  and  the  suppression  of  pulsations 

to  the  appropriate  level.  In  tne  wide-range  transistor  compensative 

stabilizers  of  high  currents  is  commonly  used  the  system  of  dual 

control,  which  consists  cf  the  ccntour/outline  of  precise  and 

contour/outline  of  coarse  control,  iith  the  aid  of  the  transistor 

* 

regulator  and  the  system  or  fbednack.  with  the  high  factor  of 
amplification  and  the  stable  reference  voltage  (contour/outline  of  a 
precise  control)  the  currant  of  load  is  supported  by  constant  with  a 
high  degree  of  accuracy.  At  tne  same  time  output  potential  of  the 
source  of  the  direct  current,  which  feeds  stabilizer,  with  the  aid  of 
the  feedback  loop  is  regulated  sc  (contour /outline  of  coarse  control) 
so  that  the  voltage  drop  across  gap/interval  the  emitter-collector  of 
the  controlling  transistors  would  remain  in  effect  permanent  and 
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would  not  exceed  several  volts. 


Regulating  rectified  voltage  can  be  conducted  by  a  change  in  the 
ampiituda  of  the  alternating  voitage,  applied  to  the  rectifier,  by 
changing  the  transformation  ratio  of  power  transformer.  A  change  in 
the  transformation  ratio  is  achieved  by  means  of  the  commuta  ;ions  of 
the  windings  of  power  transformer.  A  regulator  of  this  type  provides 
a  stepped  variation  in  permanent  output  potential  of  rectifier.  At 
the  specific  value  of  the  quantity  of  the  steps  of  voltages  this 
method  can  be  successfully  used  in  combination  with  a  precise 
transistor  compensative  regulator.  A  commutation  of  windings  it  is 
expedient  to  accomplish/raalize  with  the  aid  of  the  thyristor 
switches  of  alternating  current. 


Page  120. 

The  block  diagram  of  the  stabilized  current  source  with 
thyristor-transformer  regulator  in  the  contour/outline  of  coarse 
control  is  shown  in  Fig.  1A.  The  power  transformer  of  rectifier  (Fig. 
I.b)  has  n  of  commutated  secondary  windings  a  number  of  turns  of 
which  (and  respectively  load  voltage)  are  proportional  2i'1,  where  i  - 
the  reference  number  of  tne  corresponding  winding.  If  proportionality 
factor  is  equal  to  k  of  volt  (value  of  the  step  of  regulating) ,  then 
voltage  on  the  secondary  side  of  power  transformer  by  the 
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corresponding  changeovers  of  windings  can  be  regulated  in  the  range 
of  values  u^[u^+ (2" -i)  k^]  volt.  Supplementary,  not  compensated 

winding  \f  provides  the  initial  stress  level  of  the  compensating  loss 
on  the  rectifier  and  precise  regulator  ukjmin.  The  use/application  of 
this  winding  makes  it  possmla  to  also  decrease  a  number  of 
commutated  windings,  or  a  value  of  the  step/pitch  of  regulating 
voltage. 


The  main  doubtless  advantages  of  this  version  of 
thyristor-transformer  regulator  are:  the  high  value  efficiency  ana 
factor  of  power  cos  4>;  the  msigmiicant  distortions  of  the 
sinusoidal  form  of  voltage  and  output  current  of  regulator,  since  the 
commutations  are  accomclishsd/reaiized  at  the  moments  of  the 
transition  of  the  current  througn  zero,  and  the  time  of  the 
inclusion/connection  of  tnyristcrs,  as  already  mentioned,  little. 
Although  for  the  discussed  regulator  is  required  a  relatively  large 
number  of  thyristors,  however  in  tne  majority  of  the  cases  can  be 
used  the  thyristors  witn  a  small  inverse  voltage,  which  have  low 
cost/value. 

Pig,  2  and  3  give  the  scnematic  diagrams  of  the  block  of  control 
of  thyristor  switches.  ‘The  block/aodule/unit  of  generation  of 
commands  (Fig.  2)  encompasses:  the  device/eguipment  of  the 
isclation/libaraticn  of  timing  puises,  threshold  device/eguipment  and 
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bidirectional  counter. 

The  d ^vice/eguipment  of  the  isolation/liberation  of  timing 
oulsas  serves  for  the  formation  of  the  command  impulses  whose 
temporary  situation  provides  the  cnangeover  of  thyristor 
kays/wranches  at  that  mcment/torgua  when  voltage  on  the  anode  of 
thyristor  approaches  a  zero  value.  This  maxes  it  possible  to  avoid 
the  simultaneous  start ing/launcning  of  two  thyristor  switches  and 
short  circuit  of  windings.  The  temporary  situation  of  timing  pulse 
relativa  to  the  reference  sine  voltage,  removed  from  winding  of  the 
VI  power  transformer,  is  determined  by  the  value  of  resistance  Rl. 

The  conversion  of  sine  voltage  into  pulse  is  accomplished  by  the 
schematic  of  asymmetric  trigger  and  frequency  divider  of  five 
triggers,  assembled  on  triodes  T1-I17.  Frequency  division  is 
necessary  for  an  increase  in  the  repetition  period  of  command 
impulses.  The  repetition  period  of  command  impulses  must  be  somewhat 
more  than  the  time,  occupied  ny  transient  processes  in  the 
nodes/units  of  entire  staoiiizer.  Threshold  device/equipmant  consists 
of  two  asymmetric  triggers,  whicn  nave  the  different  levels  of 
functioning  on  the  input  voltage  and  two  keys/wrenches,  controlled  by 
these  triggers.  Trigger  (T20-T21)  must  operate/wear  at  value 
ukt«  uK*mi,n»  trigger  (T18-119)  -  wnen  Uk9*  uWmax.  The  exit  voltages  of 
triggers  control  keys/ wrencnes  (T23  and  T24) .  with  the  aid  of  these 
ksys/wrenches  is  acccmpiished/realized  the  commutation  of  timing 
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pulses  on  the  entrances  of  oiuiractional  counter. 

bidirectional  counter  contains  four  bits  (T22-T47)  .  The 
potc-ntial  levels  of  triggers  are  commands  for  inclusion/connection 
and  disconnection  of  thyristor  switches.  The  initial  state  of  the 
triggers  of  counter,  whica  corresponds  to  "zero"  commands,  i.a.,  to 
the  minimum  rectified  voltage,  is  established  by  the  short-term 
closing  of  contacts  of  relay  Hi  during  the  supplying  of  the  voltage 
of  supply  of  counter.  For  eliminating  the  possibility  of  the 
transition  of  counter  from  the  "zero"  state  is  direct  into  the 
"single"  and  reverse  (in  sucn  a  case  if  they  will  continue  "o  enter 
command  impulse  on  furtner  increase  or  decrease  in  the  rectified 
voltage  with  the  depleted  possibilities  of  key  control)  serve 
keys/wrenches  T25-T26  and  I27-T28. 

The  transmission  ot  the  commands,  prescribed/assigned  in  the 
form  of  the  potential  levels  of  triggers,  to  the  thyristor 
keys/wrenches  is  accomplished/realized  with  the  aid  of  eight 
identical  controlled  voltage  converters-  (On  Fig.  3  it  is  shown  the 
diagram  of  one  block/mcduie/unit,  which  contains  4  voltage 
converters)  . 

In  the  contour/outline  or  precise  current  control  in  the  load 
enter:  transistor  regulator,  reference- /oltagc  source,  modulator. 
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low-frequency  amplifier,  pnaso  discriminator ,  and  also  series/row  of 
auxiliary . 

3y  reference-voltage  source  in  the  diagram  of  comparison  (Pig. 
4)  serves  three-circuit  voirags  regulator  (T12-T13,  D7-D9,  D3-D6, 

D 2) .  Genaral/commcn/total  sraoiiization  factor  with  a  change  in  the 
line  voltage  is  ~104. 
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Fig.  1.  Block  diagram  or  thyristor-transistor  current  regulator  (a) 
block  diagram  of  rough  control  loop  (b)  .  TP  -  thyristor  switch;  k  - 
value  of  step. 


Key;  (1).  Control  unit,  (2).  Is  thyristor,  regulator  of  alternating 
current.  (3).  Rectifier.  (4).  filter.  (5).  Device/equipment  of 
comparison  will  enforce.  (6).  To  rectifier.  (7).  Converter  of 
commands.  (8).  volt,  (9).  bidirectional  counter.  (10).  Threshold 
device/aquipraent .  (11).  Cevice/equipment  of  isolation/liberation  of 
synchro  pulse.  (12).  V. 
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Fig.  2.  Tha  schematic  diagram  of  the  unit  of  generation  of  commands 
of  control. 


Kay:  (1).  Addrass.  (2).  Circuit.  (3).  Contact.  (4).  V 


Ficj*  3«  Schematic  diagram  of  tne  clock  of  converter  of  commands 
Key:  (1).  Address.  (2).  Circuit.  (J)  .  Contact.  (4).  V. 
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Fig.  4.  The  schematic  diayram  ox  zae  block  of  comparison  and 
amplifying  the  error  signal. 

Key:  (1).  V.  (2).  Contact.  (3).  circuit.  (4).  Address.  (5).  VYKh. 

Page  123. 


The  difference  between  a  voltage  drop  across  the  standard 
resistance  (connected  in  tne  circuit  of  the  stabilized  current)  and 
the  adjustable  part  of  the  reference  voltage  enters  the  entrance  of 
the  transistor  modulator  T1-T2,  where  it  is  converted  into 
right-angled  alternating  voltage  -  error  signal.  Modulator  is  carried 
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out  on  transistors  T30  cn  tne  scnamatic  of  parallel-series  transistor 
icsy  [  5  ]. 


The  amplification  cf  tne  error  signal  is  accomplished/realized 
by  a  transistor  low- frequency  amplifier  T3-T6.  Then  the  voltage  of 
th*  error  signal  is  straijn-c.anad/r«ctified  by  phase-sensitive 
detector  (TTf-T10)  and  enters  tne  entrance  UPT  (Til).  Exit  voltage  UPT 
through  the  matching  cascades/stages  controls  transistor  regulator. 
Maximum  valua  of  gear  ratio  from  tne  entrance  of  modulator  to  the 
output  of  the  phase  discriminator  to  equal  -1200.  Transistor  UPT  Til 
(type  P26A  or  P21A)  is  selected  with  the  low  value  of  current 
Temperature  stability  UPT  can  x>«  increased  by  the  lK0. 
inclusion/connection  of  small  resistance  (200  ohms)  into  the  emitter 
circuit  Til. 

The  described  stabilized  current  source  supplies  magnet 
windings,  used  for  calibrating  tne  magnetometers.  Range  of  current 
control  0.7-34  A. 


Pig.  5  depicts  the  curve  of  tne  drift  of  current,  written  with 
the  aid  of  the  meter  of  an  instability  of  the  type  V2-13.  Stabilizer 
is  connected  in  40  minutes  prior  to  the  beginning  of  recording. 
Mode/conditions  of  the  work  of  the  stabilizer :  jM  -  10  «,  u„  -  22  V, 

Ufcj  -10  V.  The  maximum  cutoff/disconnection  of  current  in  the  load 
from  initially  fixture  dees  not  exceed  8.10“^*.  On  the  graph/curve 

are  noted  th*  oscillations  of  tne  temperature  in  tne  location  where 
is  established/installed  the  staciiized  source  and  electromagnet. 
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127.  Device/aqui pmant  cf  nign-f requency  synchronization  of  particle 
injection  in  accumulator/storage  VHPP-3. 

M.  N.  Zakhvatki n,  E.  A.  Kuper,  V.  I.  Sifontov. 

(Institute  of  nuclear  physics  of  SO  AN  USSR). 

In  the  work  is  described  the  devica/equipment  of  high-f raquency 
synchronization  for  the  particxe  injection  into  accumulator/storaga 
VEPP-3, 

The  resonator  of  accumulator/storag e  works  on  the  19th  harmonic 
(76  MHz)  of  frequency  cf  revolution.  Devica/equipment  provides  for 
program  control  of  injection  into  different  separatricas  of 
accumulator/storage.  The  output  pulse,  which  is  determining  the 
momant/torgua  of  injection,  is  phased  with  the  high-frequency 
resonator  voltage.  Precision/accuracy  of  fixation  of  phase  of  10-15° 
(0. 3-0. 5  ns)  . 

Device/equipment  has  two  operating  modes:  1)  work  in  the 
presence  of  two  rigidly  phased  radio-frequency  voltages  76  and  4  MHz 


immnagm 
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{frequency  of  revolution);  2)  wcrx  in  the  mode/conditions  of  the 
internal  frequency  discrimination  of  inversion  with  the  aid  of  the 
•livid er  on  19. 


The  block  diagram  cf  a  ivice/equipmant  (Fig.  1)  is  functionally 
divided  info  3  nodes/units  -  diagram  of  fixation  of  phase  76  ,1Hz  (I)  , 
synchronizing  circuit  for  ouservation  and  measuring  the  parameters  of 
beam  (II) ,  diagram  of  control  or  filling  of  the  separatricas  of 
accumulator/storage  (III). 


The  diagram  of  fixation  of  phase  76  MHz  works  as  follows  (Fig. 

2)  . 


Sntering  entrance  B  radio- frequency  voltage  4  MHz  is  limited,  is 
amplified  (T^)  and  is  supplied  on  the  entrance  of  the  shaper  of  I 

narrow  pulses  T,,  l0).  Impulses/momenta/pulses  from  the  first  arm  of 
shaper  (Ti0)  are  amplified  (Tl5,  l6)  and  through  the 
block/module/unit  of  v ananle/alternating  delay  enter  the  coincidence 
circuit,  carried  out  on  diodes  C4 ,  D2  and  tunnel  diode  TD3. 

Simultaneously  to  the  coincidence  circuit  are  fallen  the 
impulses/momenta/pulses,  caoled  to  the  phase  of  HP  voltage  76  MHz  by 
amplifier  by  shaper  (T3/4). 


The  impulses/raomenta/pulses  of  amplifier  (T,,  Tl0)  through  the 
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switch  (T 1 7,  18),  which  controls  tae  work  of  the  diagram  of 
preliminary  joining  (TD2,  T22) ,  support  TD 2  at  the  diffusion  branch. 

The  impulse/momentum/puisc  “start  1“  readjusts  trigger  (TD2)  to 
the  tunnel  branch,  and  the  next  impulse/momentum/pulse  of  shaper 
(Tt<J)  returns  TtD2  to  the  initial  state.  Positive  urop/jusp  after 
amplification.  ( T2 2)  it  enters  zne  trigger  (TD3)  and  prepares  it  to 
the  work. 

Coincidence  poise  returns  TD3  to  the  diffusion  branch,  starting 
univibrator  (TD4)  and  amplirier  (T23,  T24). 

Output  pulse  (40  V,  fronts  d  ns)  enters  the  power  amplifier  with 
i he  continuously  adjustable  delay  in  limits  of  one  period  of  76  MHz. 

Synchronizing  circuit  for  ooservation  and  measuring  the 
parameters  of  beam  cables  the  trigger  pulses  of  recorders  to  the 
specific  phase  of  the  frequency  cf  revolution  of  particles  in  the 
accumulator/storage,  maximum  launcaing  rate  10  kHz.  The 
temporary /time  performance  records  of  diagram  are  given  in  Fig.  3. 

9lcck/module/unit  of  variable/alternating  delay  (Fig.  4). 


Delay  is  accomplisned/reanzeu  by  a  shorting  of  cable  by  diodes 
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(D311),  controlled  by  ccaautcito  r .  input  pulse  after  being  reflected 
from  the  connected  with  ta*  given  moment/torque  diode,  it  appears  at 
the  entrance  of  line  after  the  c:  equal  to  the  doubled  electrical 

length  of  cable. 


The  capacity/capacitanca  or  diodes  in  the  closed  state  is  less 
than  2  nF,  dynamic  resistance  witn  the  current  15mA  is  equal  to  4-5 
ohms,  that  provides  in  the  case  or  th»  pulse  delay  on  250  ns  the 
fading  not  more  than  20o/o.  Since  particles  are  injected 
simultaneously  into  2  adjacent  separatrices,  overall  delay  is 
collected  of  9  segments  or  caols  in  electrical  length  13.05  ns  in 
each. 


The  working  detuning  of  tne  frequency  of  resonator  76  MHz 
composes  +-0.3o/o  with  respecc.  to  T=13.052*-0.4  ns.  Temperature 
instability  of  delay  in  tne  range  of  temperatures  from  »-20  oo  *40°C 
comprises  1.2*10~3**  [1]. 


1 
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?ig.  1.  Block  diagram  cf  the  ae vace/sgui pment  of  hiyh-freyuency 
synchronization.  1  -  diagram  of  fixation  of  phase  7  5  MHz;  II  - 
synchronizing  circuit;  XII  -  anagram  of  control  of  filling  of  the 
ssparatrices  of  accumulator/storaga;  1  -  amplifier  limiter;  2  - 
circuit  of  frequency  division;  3  -  am pli fier-shapar ;  4  -  electronic 
relay;  5  -  shaper;  6  -  diagram  of  preliminary  joining  to  4  MHz;  7  - 
coincidance  circuit  in  the  channel  76  MHz;  8  -  exit  shaper;  9  - 
coincidence  circuit  in  the  channel  4  MHz;  10  -  diagram  of  control;  ’1 
-  commutator;  12  -  blocx/module/unit  of  variable/alternating  delay; 
13  -  amplifier  of  power  witn  zne  controlled  delay. 

Key:  (1).  Starting/1  au nchiny .  (2).  output.  (3).  input. 
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Fig,  2,  Diagram  of  fixation  or  tna  phase  of  the  high  frequency  of  76 
MHz  and  synchronizations  on  tne  phase  4  MHz. 


Key:  (1)  .  Input,  (2)  .  To  iintrancs  of  block/modula/unit  of 
variable/alternating  delays.  (3).  shift/shear.  (4).  MHz.  (5).  Input, 
(6).  v.  (7).  starting/lauucuiag.  (3).  Out.  (9).  Housing. 
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Fig.  3.  Time  graphs  of  syncaronizrng  circuit  4  MHz.  1  -  HF  voltage  4 
MHz;  2  -  output  pulse  of  amplrrier-limiter  T7,  Ts;  3  -  the  output 
pulses  of  amplifier-shaper  Tlt,  T12;  4  -  trigger  pulse;  5  -  output 
pulse  from  the  shaper  TD6;  6  -  impulse/momentum/pulse  of  the  diagram 
of  preliminary  joining  TD6;  7  -  output  pulse  from  the  diagram  of 
preliminary  joining;  8  -  impulse/momenfcum/puise  in  the  diagram  of 
coincidences  TD7 ;  9  -  output  pulse  (T28)  . 
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Fig.  4.  Diagram  of  variable/alternating  delay. 

Key:  (1).  ns.  (2).  Input.  (3).  commutator. 

REFERENCES, 

1.  A.  A.  Kurashov.  "Generation  of  Series  of  Pulses  in  Systems  with 
Delaying  Feedback."  Proceeding  of  6th  Conference  on  Nuclear 
Radio  Electronics.  Vol  I,  p.  179.  Atomizdat,  1964. 
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Session  X. 


Powerful  radio  engineering  uevices/equipment  and  accelerating 
systems. 


128.  Injector  of  the  booster  of  proton  synchrotron  IFVE. 


A.  L.  Mints,  B.  P.  Mur  in,  I.  An.  Mevyazhskiy ,  V.  G.  Kuhlmann,  3.  I 
Polyakov,  L.  G.  Lomize,  A.  V.  Misnenko,  B.  I.  Bondaryev,  A.  D.  3sl 
V.  V.  Kushin,  A.  A.  Dzhanito,  A.  P.  Fedotov,  E.  A.  Mirochnik,  N.  L. 
Sosensiy,  V.  V.  Kurasov,  Yu.  S.  cherkashin. 

(Radio  engineering  institute  of  tne  AS  USSR)  . 


V.  A.  Alekseyev,  G.  A.  Grau,  A.  I.  Gryzov,  A.  V.  Popov,  A.  I. 
Solny  shkov. 


(Scientific  research  institute  of  the  electrophysical  equipment  im 
D.  V.  Efremov)  . 


S.  A.  Il’yevskiy 
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(Institute  of  high-energy  ^ciysics)  . 

Projected/designed  accelerator  -  the  injector  of  the  booster  of 
synchrotron  IFV2  -  singie-cavity  linear  accelerator  with  the 
pr eia jector,  the  bunchsr  and  cue  dwbuncher.  Its  basic  parameters  are 
given  below: 

exit  energy  ...  of  37.8  MeV. 

Energy  of  the  injection  ...  of  700  keV. 

Frequency  of  the  accelerating  dF  field  ...  of  148.5  MHz. 

Average/mean  rate  of  acceleration  ...  1.24  MeV/m. 

Design  beam  current  at  the  output  ...  100-150  mA. 

Spread  of  particle  momenta  at  cue  output  (after  debuncher)  ... 

+-  0. 3o/o. 

Duration  of  the  pulse  or  tne  preton  current  ...  of  1.5-20  jjs. 


Duration  of  HF  pulse  ...  250  pS. 


Stability  of  the  amplitude  of  accelerating  field  ...  +-I0/0. 


Power  cf  losses  in  copper  or  resonator,  buncher  and  debuncher 
3  MW. 


Power  of  beam  with  the  current  150  mA  ...  of  5.7  MW. 


Length  of  the  resonator  ...  of  29.9  m. 


Diameter  of  the  resonator  ...  or  1327  mm. 


Number  of  drift  tubas  ...  1/2+94+1/2. 


Diameter  of  the  drift  tubas  ...  of  23.2-10  cm. 


Diameter  of  the  aperture  ...  of  2-3.5  cm. 


Length  of  the  period  of  focusing  ...  2. 


Gradients  of  magnetic  fields  in  the  lenses  ...  of  6-0.6  kgf/c 


The  capacity  of  the  focusing  channel  ...  of  1.2  co»mrad. 


The  moda/conditicns  of  wcr k  of  the  accelerator  is 
packaged-pulse.  Pulse  re petition  frequency  in  the  package  25  Hz, 
wnils  repetition  frequency  of  packages  0,1  or  0.2  Hz, 

As  the  accelerating  structure  is  utilized  the  resonator  with  the 
drift  tubes,  which  is  tae  copy  of  the  first  resonator  of  accelerator 
1-100  [1],  Particle  focusing  xs  accomplished/realized  by  the  magnetic 
quadrupole  lenses  with  the  pulse  supply,  placed  one  in  each  drift 
tube.  In  the  constructicn/aesign  of  drift  tubes  in  comparison  with 
the  drift  tubes  of  accelerator  1-100  is  provided  for  an  improvement 
in  the  heat  withdrawal  from  tae  ceils  of  lenses.  Resonator  and  drift 
tubes  are  cooled  by  the  water,  thermostatically  controlled  with 
precision/accuracy  of  +-0.1°C. 

The  vacuum  system  or  resonator  -  is  two-chamber.  For  the 
high-vacuum  evacuation  will  be  used  titanium  pumps. 

As  the  buncher  and  the  ueounener  are  utilized  single-gap 
resonators.  Constructicn/desi gn  of  buncher  the  same  as  on  the  linear 
accelerator  1-100  [1],  and  deouncher  -  as  on  accelerator  1-2  [2],  The 
amplitude  of  the  voltage  of  dabunener  composes  700  kV,  drift  spaces 
-14  m.  The  system  of  HF  supply  is  constructed  analogously  justified 
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itself  on  accelerator  1-100  i a  Serpukhov.  Large  average/mean  powers 
and  beam  currant  to  150  inA  cney  were  necessary  to  increase  a  number 
of  terminal  amplifiers  {cn  modes  G 1-27  A)  to  three.  They  are 
arranged/located  along  the  resonator  so  as  to  avoid  the  noticeable 
excitation  of  the  overtones  of  wonting  mode  of  vibration. 

The  block  diagram  or  H?  system  is  given  in  Fig.  1.  Exciter  V  and 
setting  device  ZU  differ  iittle  from  those  utilizel  on  accelerator 
1-100.  For  adding  the  powers  of  three  terminal  amplifiers  00  in  one 
resonator  besides  the  coupling  adjustment  is  provided  for  the 
automatic  control  of  the  phase  relationships/ratics  between  them  by 
means  of  the  chase  shifters  fie. 

Page  128. 

The  HF  supply  of  buncher  B  and  deouncher  D  is  intended  to  carry  out 
from  the  resonator  a,  wnere  wij.i  ne  supported  the  stable  amplitude  of 
accelerating  field.  The  anodic  supply  of  terminal  amplifiers  will  be 
conducted  from  the  modulator  ft  witn  the  rigid  discharger/gap  and  the 
partial  discharge  of  capacitive  accumulatcr/storage  without  the  peak 
transformer,  which  will  ensure  the  necessary  operating  speed  of  the 
system  of  program  regulating  with  anode  voltage  for  the  stabilization 
of  the  level  of  accelerating  field.  For  the  circuit  of  the  charge  of 
modulator  it  is  possible  to  utilize  a  rectifier  of  the  type  KVTH  with 
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thyristor  voltage  regulator.  fne  same  modulator  can  be  utilized  for 
the  excitation. 

The  stabilization  of  me  adjustment  of  the  frequency  of 
resonator  to  the  maximum  or  accelerating  field  is 

accomplished/realized  by  a  system  aRF-Ch,  analogous  that  utilized  on 
the  second  resonator  1-100  [  1 J.  Analogous  de vices/equipment  AFR-Ch 
will  ensure  the  stabilization  of  a  phase  difference  between 
resonator-bunchar  and  resonator-aenuncher.  The  actuating  elements  of 
system  ARF-Ch  will  bo  tne  plates  of  the  adjustment  of  resonator, 
bunch  er  and  dabunchar. 

Triggar  pulses  cn  the  preinjactor  and  the  timer  device/equipment 
of  linear  accelerator  are  supplied  directly  from  the  booster.  The 
control  of  trigger  pulses  on  the  linear  accelerator  is  conducted  on 
its  timer  device/equipmeat. 

For  the  measurement  of  the  parameters  of  beam  are  utilized 
mainly  traditional  methods  and  devices/eguipment:  the  induction 
current-sensing  devices  ana  position  of  beam  at  input  and  output  of 
injector,  magnetic  spectrum  analyzer,  system  of  slots  and 
collactors/receptacles  tor  the  check  of  emittance  characteristics, 
system  of  screens  for  the  ooservation  of  the  form  of  the  cross 
section  of  beam.  Furthermore  it  is  proposed  to  utilize  the  noncontact 
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method  of  measurement  cr  tne  average  speed  (energy)  of  protons  in  the 
clustar  at  the  output  cr  injector  on  a  phase  difference  between  two 
small  resonators  which  are  excited  by  oeam  on  the  second  harmonic  of 
the  frequency  of  bunches. 


The  approximate  estimate  of  tne  width  of  the  spectrum  with  the 
beam  currents,  which  exceeu  approximated y/axemplarily  20-30  mA,  it  is 
proposed  to  produce  also  with  noncontact  method.  For  this  it  is 
planned/glided  to  measure  durations  and  forms  of  proton  clusters  at 
the  output  of  injectcr  and  before  the  debuncher. 


For  the  optimization  of  tne  process  of  injection  into  the 
booster  ■' s  provided  for  the  system  of  th«=-  correction  of  the  basic 
parameters  of  beam  according  to  tne  information  about  the  position  in 
the  phase  space  of  the  injected  into  the  booster  particles. 


>yst?m  block  diagram  of  rif  supply  of  accelerator 
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129.  Powerful  part  of  HE  system  or  the  intersecting  rings  CERN. 

P.  Ferger,  0.  Shnel. 

(CERN)  . 

1.  Introduction. 

In  the  litarature  [1,  2]  nave  already  been  examined  the 
questions,  connected  witn  tae  rings.  In  the  proposed  rsport  the 
attention  is  accentuated  on  some  special  features/peculiarities, 
which  relate  to  the  determination  of  the  parameters  of  the  equipment 
of  tha  powerful/thick  part  of  the  dF  system  of  the  intersecting 
rings. 


2.  Comparison  of  parameters  of  in ject or-accel jrator  (proton 
synchrotron)  and  rings. 

As  the  injector  of  rings  serves  the  acting  proton  synchrotron  of 
CERN  on  28  GeV;  therefore,  oeing  based  on  the  real  parameters  of 
proton  synchrotron,  it  is  possible  to  make  basic  propositions 
relative  to  the  high-frequency  system  of  rings. 
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First,  it  is  desirabia  to  accomplish/realize  one  complete  cycle 
of  acceleration  for  the  unc  interval  smaller  than  the 
full/total/complete  cycle  rime  of  proton  synchrotron,  which  is  1.5-2 
3  [31. 


To  this  condition  corresponds  work  cf  both  rings  on  the 
alternating  impulses/mctaenta/puises  of  proton  synchrotron. 

Page  129. 

In  the  second  place,  tne  orought-out  from  the  prctcn  synchrotron 
beam  is  bunchad  and  is  transferred/translated  into  the  intersecting 
rings  by  already  bunched,  waich  provides  reliable  capture  by  bunch 
with  synchronous  separatnces.  For  fulfillment  of  this  condition  it 
is  required  so  that  the  frequency  of  rings  would  be  equal  to  the 
frequency  of  proton  synchrotron  during  the  ejection,  which  is  9.536 
MHz  with  the  energy  28  GeV.  Proton  synchrotron  works  on  the  20th 
harmonic  of  high  frequency,  and  rings  -  to  their  30th,  since  mean 
,adius  are  one  and  a  half  times  more. 

This  means  that  after  one  impulse/momentum/pulse  of  injection. 


which  consists  of  20  buncnes,  in  tne  ring  will  remain  ten  empty 
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saparatricss,  if  w=  do  not  ta x.e  special  measures,  than,  naturally, 
the  effectiveness  of  accumulation  not  to  exceed  2/3.  For  an 
improvement  in  the  effectiveness  of  accumulation  the  authors  of 
present  report  examined  several  versions.  In  first  version  [  4  ]  it  was 
proposed  to  hold  down/ re tarn  tne  first  impulse/momentum/pulse, 
injected  by  synchrotron  ana  ouncned  by  high  frequency,  in  orbit  of 
injection  and  to  fill  empty  separatrices  with  the  part  of  the  second 
impulse/moraentum/nulse.  As  the  second  was  examined  the  version  of 
absent  separatrices  [5],  with  whicn  the  HP  voltage  is  turned 
of f /disconnected  after  each  complete  revolution  of  particles  to  the 
period,  during  which  net  one  particle  passes  through  resonators. 

The  first  diagram  involves  the  close  tolerances;  therefore  the 
authors  dwelled  on  the  seconu  diagram. 

Finally,  by  the  racst  important  parameter  which  determines  the 
quality  of  proton  synchrotron,  is  the  area  of  separatrix  in  the  phase 
space.  The  area  of  separatrix  must  be  not  more  than  the  area  of 
bunch,  otherwise  will  cccur  rapid  oeam  blowup  in  the  phase  space. 

3.  Characteristics  of  rings  ana  tneir  effect  on  the  powerful/thick 
part  of  HF  systam. 

With  accumulation  of  yearns  in  the  longitudinal  phass  space  are 
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possible  two  methods  of  filling  of  separatrices,  that  lead  to  the 
varied  conditions  for  tne  worx  of  the  accelerating  sections. 

Ths  diagram  of  repeated  accumulation  is  simplest,  moreover  in 
this  case  it  is  possible  to  carry  out  the  raode/conditions  during 
which  the  voltage  and  rate  of  cnange  in  the  frequency  are  retained 
constants  during  entire  storage  time  at  the  end  of  which  high 
frequency  is  always  connected.  In  this  method  the  area  of  separatrix 
is  accurately  matched  witn  the  araa  of  the  bunches  of  proton 
synchrotron,  which  makes  it  possiole  to  utilize  a  sufficiently  low 
voltage  or  value  close  to  unity  (for  example,  1.5  kV  for  one 

revolution  with  r=0. 84  and  tne  eueigy,  equal  to  25  GeV) .  in  this  case 
small  change  r  entails  a  sufficient  large  change  in  the  area  of 
saparatrices,  which  requires  tne  appropriate  change  in  the  voltage, 
and  rate  of  change  in  the  frequency,  if  it  is  desirable  to  avoid  beam 
blowup  in  the  phase  space. 

The  calculations  of  tne  effectiveness  of  accumulation,  carried 
out  by  the  authors  [6,  7],  showed  that  high  value  of  r  (>0.5)  leads 
to  the  low  ef f ectiv.eness  of  accumulation,  if  we  do  not  increase  a 
number  of  impulses/momenta/puises.  However,  lew  value  r  leads  to  the 
vary  long  time  of  the  acceleration  of  beam. 


Diagram  of  sir.gla  accumulation.  The  basic  goal  of  development  is 
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obtaining  high  effectiveness  in  tae  accumulation  at  the  low  value  r. 
This  it  indicates  actually  that  taa  process  must  be  producad  on  the 
diagram  of  single  accumulation  wmch  consists  of  three  parts. 


Bunches  ar?  seized  into  the  wide  ones  of  separ atrices ,  and  after 

the  appropriate  equalization  in  tne  phase  space  beam  is  accelerated 

at  high  values  Then  tne  area  of  separatrix  decreases  so,  that  is 
dt 

compared  with  area  of  bunc>;  m  the  final  analysis  of  separatrix  they 
have  also  sizes/dimensions,  as  m  the  case  of  the  liagram  of  repeated 
accumulation.  After  this  high  rreguency  is  turned  off/disconnected. 


The  total  time  of  acceleration  (corresponding  to  Ap/p=4o/o) 
depends  in  essence  on  initial  voltage.  Therefore  it  is  desirable  to 
select  sufficiently  hign  voltage;  the  upper  limit  is  limited  to 
economic  considerations.  Witn  selected  high  voltage  is  facilitated 
the  equalization  of  the  parameters  of  the  bunches  of  proton 
synchrotron  and  intersecting  rings. 

The  compromise  decision  of  a  question  leads  to  the  value  of 
maximum  voltage  20  kV  cn  one  revolution. 


Both  the  methods  presented  mgher  than  of  accumulation  require 
during  certain  part  cf  the  period  of  the  acceleration  of 
comparatively  small  voltages.  The  diagram  of  single  accumulation 
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makes  it  possible  to  “Xarc ise  rx*ia  control  over  a  decrease  in  the 
voltage  from  the  maximum  of  up  to  the  minimum.  The  typical  values  of 
maximum  voltage  compose  20  it/,  minimum  -75  V  and  values  of  dynamic 
range  -300:  1. 

By  heaviest  problem  for  power  stage  and  accelerating  cavity  is 
load  current  during  the  use  of  extremely  low  voltages  in  the  process 
of  accumulation.  At  present  t.ie  current  of  proton  synchrotron  is  150 
mA  or  protons  per  pulsa.  Tha  high-frequency  component  of 

current,  caused  by  short  ounentas,  comprises  in  the  first 
approximation,  300  mA.  In  comnination  with  the  usual  impedance  of 
resonator  this  current  will  immediately  cause  in  it  very  high 
voltage.  Thus,  it  is  necessary  to  take  special  measures  in  order  not 
to  lose  check  of  the  beam  m  the  resonator  due  to  stress  by  current 
at  the  nominal  frequency. 

Interaction  beam-  resonator  sets  severe  -limitations  on  the 
impedance  of  resonator. 

Works  [8-11]  examine  a  question  about  the  criterion  of  the 
longitudinal  stability  cf  uniform  oeara.  Simplest  and  useful  for 
recommendation  for  the  development  of  equipment  of  rings  are 
represented  by  E.  Keyl  and  U.  Snali  [12].  Investigating  the 
parameters  of  the  intersecting  rings,  they  derived  the  condition  of 
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where  Z  -  genera  1/co  mm  cn/toiai  impedance  [9],  and  a  -  number  of  mcde. 
This  limit  barely  depends  on  za  2  pnase  angle  of  impedance. 
Consequently,  the  detuning  of  resonator  with  the  permanent  shunt 
impedance  is  barely  effective. 

After  using  stability  condition  to  the  accelerating  section, 
which  works  on  the  30th  harmonic  of  frequency,  we  will  obtain 
limitation  to  the  ge  neral/conmon/total  impedance 

|  2  |  *  300  ohm. 

Stability  condition  snows,  nesides  the  fact  that  the  dependence 
of  the  general/common/total  impedance  of  the  accelerating  section  on 
the  frequency  can  be  essential  over  a  wide  range  of  frequencies, 
beginning  from  the  fregueacy  of  revolution  to  the  higher  harmonics. 


( 


I 

1 

\ 


Page  130. 

4.  Accelerating  cavities,  rneir  connections  with  the  power  amplifier. 
Questions,  connected  wirh  tne  load  with  current  and  interaction  beam-,  ( 
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resonator. 

In  the  ring  are  utj.ir.zad  seven  accelerating  cavities,  placed  in 
th®  separate  octant  each.  Six  of  tnem  actually  are  intended  for  the 
accumulation,  and  by  the  seventh  ror  the  experimentation. 

In  this  circuit  maximum  voltage  20  kV  is  divided  into  six  equal 
parts  according  to  3.3  xV  to  tne  resonator.  Since  amplifier  must 
provide  work  in  the  vide  dynamic  range,  more  advantageously  utilize 
it  in  the  moda/conditicns  of  class  A.  For  a  period  of  time  of 
accumulation  total  variation  of  the  frequency  is  very  small:  it  is 
less  than  10~3.  For  changing  the  averaga/mean  value  of  energy  cf  ring 
is  required  a  larger  change  in  tne  frequency.  With  a  decrease  in  the 
energy  of  beam  to  3.5  GeV  it  is  necessary  to  change  frequency  to 
3o/o.  Therefore  quality  Q  or  accelerating  cavity  is  selected  as  being 
equal  to  180.  In  this  case  the  adjustment  of  resonator  with  the  aid 
of  the  mechanical  capacitor/condanser  with  the  remote  control  becomes 
not  very  complex  problem. 

By  most  serious  problem  is  strong  load  current.  According  to 
condition  of  stability  |^-|  t n*=  maximum  permissible  impedance, 
determined  by  the  affect  of  beam  on  the  resonator,  must  be  50  ohms. 

On  the  other  hand,  shunt  impedance  must  be  possible  higher  in  order 
to  ensure  the  optimum  energy  consumption  from  the  source  of  HF  power. 
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Consequently,  the  introductioa  or  strong  fading  to  resonator  does  not 
remove  stress  by  current. 

Coaxial  cavity  is  adjusted  capacitor  constant  with  the  total 
capacitance  of  1000  pF f  placed  across  the  accelerative  slot  (see  Fig. 
4),  and  variable/alternating  capacitor.  Each  resonator  is  supplied 
from  the  powpr  amplifier,  loaded  on  the  shunt  impedance  3  kiloohm 
(Pig.  1  and  2) .  For  the  supply  or  six  resonators  with  the  voltage  20 
kV  on  the  revolution  require  11  of  power.  In  this  case  the 
efficiency  is  less  than  22o/o.  As  the  output  tube  of  power  stage 
serves  tetrode  4Cwiqqoqa£Iw1x  Tae  driver  stage  consists  of  six 
connected  with  the  parallel  power  tetrods  4SKh350A;  the  seventh  lamp 
4s*Kh3 50  a  is  utilized  for  tae  compensation  for  beam  current  and  in  the 
cathode  of  output  tube. 

The  low  value  of  common  impedance  is  achieved  by  the 
introduction  of  strong  negative  feedback  over  entire  range  (Fig.  2)  . 
This  determines  the  worn  or  amplirier  in  the  class  A,  since  the  low 
value  of  the  impedance  of  source  must  be  ensured  with  a  small  voltage 
of  high  frequency.  Fig,  3a-c  gives  the  experimental  dependences  of 
impedance  on  frequency  Z=F(f). 

The  system  of  ’feedback  maxes  it  possible  to  obtain  the  necessary 

threshold  value  of  the  stability  of  beam.  For  guaranteeing  the 
reliability  into  the  system  is  added  the  sufficiently  complicated 

element  cf  the  compensation  for  neam  current. 
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Fig.  1.  The  general  view  or  four  generators  in  the  first  octant. 
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Pig.  2.  Equivalent  amplifier  circuit  of  power  and  resonator.  X1  - 
current  source;  2  -  preamplifier;  J  -  cascade  circuit;  4  -  equivalent 
iaiDedancs  of  resonator. 
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Page  131. 

In  this  case  signal,  hcly  from  the  beam  by  broadband  sensor,  fall 

with  pronar  phase  and  amplitude  into  the  driver  stage  of  high-oower 

12 1  <  5 

tube.  The  value  of  equivalent  impedance  is  a.  ohm  to  the  resonator. 

Although  the  resonators  must  not  possess  too  high  a  resistance 
at  frequencies  highor  tnan  frequency  of  acceleration,  nevertheless 
the  hig.ier  harmonics  it  is  necessary  to  damp  with  ferrite  rings  which 
form  the  integrating  part  capacitor  constant,  on  1000  dF  (Fig.  4). 
Since  the  quality  of  resonator  £  on  the  ferrite  sharply  falls  at  the 
frequancv  of  higher  than  tne  dual  xrequency  of  acceleration,  these 
frequencies  substantially  arfect  tne  operation  of  resonator.  On  the 
other  hand,  the  attenuation  is  necessary  for  the  stabilization  of 
feedback  loop. 

The  construction/design  of  resonator  and  power  amplifier  they 
are  developed  on  the  modularized  circuit.  Power  amplifier  simply  is 
detached  from  the  resonator  ana  consists  of  several  sections  of 
plunger  type. 

Resonator  is  made  dismountanla/release  lengthwise  and  can  be 
opened  for  the  access  to  vacuum  cnamber  without  the  deterioration  in 


vacuum 
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Fig.  3.  Impedance  of  resonator  an  the  function  of  frequency  (1Hz) .  a) 
0. 5-4.5;  b)  5-17;  c)  19. 1-7 a . 

Key:  (1)  .  MHz.  (2)  .  ohm. 


5.  System  of  the  missing  separatrix 


As  i“  was  acted  earlier,  it  i^  necessary  to  take  measures  so 
that  would  not  occur  blurrmgs  or  ssparatrices  in  the  phase  space, 
until  they  were  filled  with  protons  of  the  injector.  Therefore  HF 
system  must  creat®  high-frequency  gate,  making  it  possible  to  shape 
chain/network  of  20  full  waves  wnich  follows  the  dead  time  of  10  full 
waves. 

Page  132. 

The  maximum  voltage  which  can  ue  obtained  from  the  power  amplifier  in 
this  mod '/conditions ,  is  limited  to  the  maximum  current  of  output 
tube  and  to  ratio  R/Q  of  resonator.  Taking  into  account  that  the  1st 
and  2nd  separatrices  can  somewuat  ne  distorted  with 

inclusion/connection  and  disconnection  of  voltage,  system  must  create 
trigger  pulse  with  an  amplitude  of  250-500  7  of  on  one  revolution. 


Fig.  4.  The  general  view  or  tne  eiements/cells  of  tuning  capacitor 
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Discussion. 


’/.  A.  Sichev.  Was  net  examined  in  CERN  for  dealing  with  load  by 
beam  the  version  of  the  coustr ucticn  of  the  final  stags  on  tht 
diagram  of  cathode  follower? 

?.  Ferger.  Yes,  but  we  arrived  at  the  conclusion  that  this  is 
much  less  economical  than  cne  use  cf  a  deep  negative  feedback.  With 
the  output  on  tha  cathode  follower  it  is  necessary  2  times  of  more 
electron-tube  power  how'taere  is,  since  cathode  follower  operates 
furthermore  with  the  high  input  ventage,  which  composes  virtually 
IIOo/o  of  voltage,  whicn  we  want  to  transmit  through  it.  Moreover, 
cathode  follower  with  suen  large  voltages  it  is  difficult  to 
stabilize,  and  it  greatly  »asily  converts/transfers  into  the 
mode/conditions  of  generation. 

I.  I.  Sulygin.  Say,  if  you  please,  in  the  hall  of  circular 
accumulator/stor age  in  you  are  left  all  elements/cells  of  HF 
generators  or  only  output  stages? 

F.  Ferger.  In  the  circular  nail  only  3  cascades/stages:  exit. 


exciting  and  preexcitiny.  All  cascades/stages  are  carried  out  on  the 
hard  tubes.  We  tried  to  avoid  the  use/application  of  semiconductor 
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and  integrated  circuits  in  these  devices/equipment.  On  the  other 
hand,  we  ho?»  that  the  intensity  or  radioactivity  in  the  ring  must  be 
very  small,  since  the  ring  reiiea  on  the  minimum  of  the  losses  of 
beam  in  vacuum  chamber,  ana  we  will  not  suffer  from  the  radiation. 

A.  A.  Komar.  Is  it  possioie  it  will  change  energy  of  protons  in 
the  rings  in  order  tc  trace  tan  energy  dependency  of  the  measured 
sections? 

F.  Ferger.  Energy  can  oe  will  be  cnanaed  from  10  to  28  GeV,  and 
then  from  3.5  to  28  GeV,  wnicn  will  make  it  possible  to  overlap 
entire  range  of  the  available  energies. 

A.  A.  Kolomenskiy,  How  is  explained  the  selection  of  energy  15 
GeV  for  the  works  on  the  adjustment  of  rings? 

F.  Ferger.  In  this  region  of  energies  it  is  not  necessary  to 


introduce  magnetic  field 
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Page  133. 

130.  On  the  identification  of  the  paraaeters  of  the  accelerating 
system  of  large  electronic  circular  accelerator. 

S.  A.  Heifetz. 

(Yerevan  physical  instixute)  . 

One  of  the  aain  difficulties  which  aust  be  overcome  during  the 
creation  of  large  electronic  circular  accelerator  (BEKU) ,  is  the 
compensation  for  energy  losses  to  the  synchrotron  radiation.  The 
value  of  these  losses  by  particle  in  one  revolution  AE^,  is 
proportional,  as  is  known,  the  fourth  degree  of  energy  B  of  particle 
and  first  degree  of  the  curvature  p"‘  of  its  trajectory.  The 
accelerating  systea  must  ensure  both  covering  these  losses  and 
strictly  acceleration.  An  energy  gain  in  one  revolution  0  is 
deter lined  by  the  relationship/catio 
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where  6o-8H0p,  (1  —  6)  H 0  -  maximum  value  of  magnetic  field;  - 

frequency  of  aagnet  power  supply;  6  -  ratio  of  the  constant  coaponent 
of  current  in  the  aagnet  windings  to  aaplitude  of 
variable/alternating,  Ta=L0/C  -  tine  of  the  access  of  resonant 
particle;  L0  -  length  of  its  orbit.  The  total  aaplitude  of 
accelerating  field  on  revolution  ¥<)"(&£„*,+ U)e  cos  cps  defines  both  the 
required  power  of  high-frequency  systea  and  nagnitude  of  los  '<es  of 
particles  for  the  tiae  of  acceleration.  Its  value,  and  also  values 
^ *93> frequencies  of  accelerating  field  •  ^  and  nunber  of 
accelerating  gaps  k  must  be  selected  aost  optimally,  so  that  for  the 
prescribed/assigned  (snail)  fraction/portion  of  the  lost  particles 
the  average  power  <P>  of  high-frequency  oscillator  would  be  as  less 
as  possible, 

tat  us  leave  aside  the  asserting  itself  innediately  output, 
which  consists  in  the  creation  of  systea  with  the  large  porosity  and 
not  so  much  due  to  a  reduction  in  the  average/nean  intensity  of  the 
accelerated  particles,  as  keeping  in  Bind  the  desirability  of  the  use 
of  a  diagraa  with  multiplication  [1].  With  the  large  porosity  the 
work  in  the  aode/conditions  of  aultiplication  would  become  very 
coupler  problem,  since  secondary  particles  it  would  be  necessary  long 
tine  to  somewhere  "store". 


The  basic  paraaeters  of  BEKS,  which  will  be  utilized  for  the 


numerical  estimations  subsequently,  are  given  below. 


Maximum  energy  -  50  GeV. 


Radius  of  curvature  -  720  m. 


Orbit  circumference  -  is  7.55  xa. 


Logarithmic  derivative  a  - 

Number  of  accelerating  gaps  -  28. 

Permissible  relative  energy  dissipation  (as  a  result  of  the 
correction  of  dependence  on  E)  -  lo/o. 

t 

Permitted  of  the  field  of  the  lost  particles  -  5o/o. 

1.  Estimation  of  the  losses  of  particles. 

The  losses  of  particles  in  the  phase  oscillations  occur  in 
essence  as  a  result  of  quantum  fluctuations  of  radiation/emission. 
Precise  calculations  of  losses  are  complex  problem,  in  particular  for 
the  nonlinear  vibrations.  Such  calculations  in  general  can  be  carried 
cut  only  numerically,  which  impedes  the  use  of  results  of  calculation 
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for  the  selection  of  the  optimum  parameters  of  the  accelerating 
system.  Obtained  in  this  case  precision/accuracy  of  estimations  is 
hardly  better  than  obtained  with  the  aid  of  the  approximation 
analytical  formulas.  Per  this  reason  we  will  utilize  the  simplest 
approximation  formula  for  f raction/portion  n  of  remaining  in 
acceleration  mode  particles  [2]: 

u) . 

Here  -  permissible  and  root-mean- square  amplitudes  of  phase 

oscillations;  0  -  coefficient,  which  considers  the  redistribution  of 
the  decrements  of  damping  oscillations  due  to  radial- phase 
connection/coaaunication.  In  the  strong- focusing  synchrotron  without 
the  attenuation  0=0.  This  value  let  us  accept  for  the  estimations. 


Pormula  (2)  is  valid  only  when  velocity  losses  it  is  small, 
i.  e.,  when  bulk  of  particles  is  located  on  the  bottom  of  deep 
potential  pits.  Porn ally  this  condition  is  observed  with  fulfillment 
of  inequality  A^/aJ^i.  Furthermore,  it  is  obtained  for  the  linear 
oscillations,  for  which  only  and  has  sense  A~2. 

As  shown  in  work  [2],  formula  (2)  can  be  utilized,  also,  for  the 
large  nonlinear  vibrations,  if  only  for  A^,  to  accept  the  value, 
which  is  obtained  by  the  linearization  of  potential  well, 

)a-4(*-v8ctg9s)  . 


(3) 
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However,  are  possible  conditions,  with  which  A ^  is  deterained  not  by 
phase  oscillations.  For  example,  this  situation  appears,  when  the 
effective  boundary  of  the  amplitude  of  phase  oscillations  is 
determined  by  the  allowed  value  of  the  deviation  of  the  frequency  of 
transverse  vibrations  due  to  the  divergence  of  their  energy  fron  the 
equilibriua. 

Let  us  find  the  values  of  the  equilibrium  phases  for  which  the 
permissible  square  of  amplitude,  deterained  by  transverse  vibrations 

(a£1  )  -  V/na~  8***5  ^(AE/Ef^Jn*  (4) 

(where  <t9 /T0E  -  frequency  of  phase  oscillations), 

becomes  equal  to  fA(®n)a  (see  (3)). 

Page  134. 

After  equating  relation  .  (A^^/a^)2—  to  unit,  let  us  find  that  for 
the  values  of  phases  less  <?si  determined  to  the  transcendental 
equations 

us-i _ Ng(.AE;E)r _  <s> 

*  2^[*(i-co6*)3+ct^  */a] 

( A^yS  (A^n)a.  entering  in  (4)  and  (5)  value  (&£/e)pn  is  determined  by 
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the  standard  deviation  at  nuaner  Qi  of  radial  betatron  oscillations 
and  is  proportional  AQ>/Qv  For  the  paraaeters  of  the  accelerator  in 
the  high-energy  region  *9*?*“?$“  Q»01/(*iJ50'  accepted  (for  the  standard 
deviation  of  a  number  of  radial  oscillations  0,1  , and  without  the 
account  to  the  correction  of  tha  dependence  of  frequencies  on  the 
energy).  Por  fu  -  50  Hz  this  gives  q3- 0,2.  However,  for  90o/o  of 
correction  of  the  dependence  of  frequency  on  the  energy  (for 
(AE/E)^,,  a  0,02)  q%*1,oa. 


In  equation  (5)  *“(h£u^,)E<iE^/23i^T0El, ,  and  x- 2*fut. 


i 


The  root-aean-3quare  aaplitude  of  phase  oscillations  for  the 

accelerator  without  the  attenuation  is  approxiaately  equal  to  [3]: 
A*-  mc*f 

For  evaluating  the  losses  of  particles  let  us  accept  in  accordance 
with  (5)  f  which  is  deter  lined  ,(AE/E)jon- In  this  case  we  consider 
that  U): 


(AlJit)a/Al  “«/( 1-C0«x)a, 


where 


a  ■»  nmc5  (hE/E)^crp/255eME0/mca)2. 


er  substituting  this  expression  in  (2)  and  after  passing  in  to 
integration  for  x,  we  will  obtain  the  following  estiaation  of  the 
fraction/portion  of  the  reaaining  after  particle  acceleration: 


n  —  8«p  | 


j  64ea(E0/mca)3 

r»« 

l  Smc’p^T, 

i 


rT^ 
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/Is  is  evident,  in  this  case  of  loss  they  depend  neither  on  ify‘  fro.i 
<9%.  For  paraaeters  (AE/B=A(2/Q)  accepted  n=0.28  for  \m  so  hx;  n=0.73 
for  ^'a*  200  Hz  and  n=0.  85  for  400  Hz. 

It  is  interesting  tc  also  find  the  estiaation  of  losses  for  the 
case  when  the  losses  of  particles .define  the  boundaries  themselves  in 
the  phase  oscillations  (i.e.  Ago*»  "(A^)4. 


In  this  case 


-(^93-94)/6^  , 


where 


•  5-  MSTbae’fo/mc*)3/  mc^AE^/mc*)- 


(7) 


.  (8) 


E*E, 


it  does  not  depend  on  energy. 


The  fraction/portion  of  the  remaining  particles  is  equal  to 

jfrjWa  A* 


n-cxp/ 


191 


Table  1  gives  the  results  of  estiaation  according  to  foraula  (9) 
of  the  fraction/portion  of  the  reaaining  particles  {5=0.335«10~** 
Hz***)  . 


As  can  be  seen  from  (9),  the  losses  of  particles  in  this  case  depend 
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on  relation  and  therefore,  fro*  the  point  of  tie*  of 

losses,  to  it  is  aorc  advantageous  select  the  saallest  possible 
frequency  of  accelerating  field.  Having  in  aind  also  an  increase  in 
shunt  resistance  r^,  with  an  increase  in  frequency  (8*-^  [5]  ),  it  is 

easy  to  understand  that  in  this  case  are  optinua  values  and  \» 
providing  as  the  ainiaua  of  tne  power  of  oscillator,  so  also 
retention/preservation/aaintaining  the  prescribed/assigned 
fraction/portion  of  particles  in  the  aod e/conditions  of  acceleration. 

The  decreases  of  fraction/portion  of  the  lost  particles  it  would 
be  possible  to  attain  by  an  increase  in  the  repetition  frequency,  but 
this  leads  to  an  increase  xn  the  power  of  HP  oscillator  (appropriate 
results  for  the  brevity  we  oait) .  Output  could  be  also  an  increase  a 
(decrease  Q%).  However,  in  this  case  can  becoae  substantial  the 
effects  of  the  discreteness  cf  acceleration  [4], 
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Table  1. 


(/) 

- 

r«0 D 

SO 

200 

400 

1.2-109 

0,32 

0,75 

0,87 

0,6.109 

0,95 

1,0 

1,0 

Key:  ( 1)  .  Hx. 

2.  Estiaation  of  the  opti.au>  frequency  of  accelerating  field. 

Above  it  was  shown  that  in  the  case  when  the  losses  of  particles 
define  the  boundaries  theaselves  is  the  radial  oscillations,  i.e. , 
(AE/E)oon.  these  losses  do  not  depend  on  the  frequency  of  accelerating 
field  si^ce  [5],  rt  is  more  advantageous  to  select  as 

possible  nore  the  high  frequency  of  acceleration. 

However,  in  the  case  of  coapensation  Q^froa  E,  which  can  be 
required  for  decreasing  the  losses  of  particles,  effective  boundary 
can  prove  to  be  («)  •  In  this  case  increase  of  higher  than 

certain  optiaua  value  again  leads  to  an  increase  in  the  power  of 
oscillator  (for  the  prescribad/assigned  fraction/portion  of  the 
reaaining  particles)  . 


t 

i 


Optiaua  frequency  and  phase  9*  in  this  case  can  be  found 
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from  following  relaticnships/ratios  [6]: 

t^9“-4g>“/a,  <?g-0,85  . 

#5  -<p«Aa/3b(A^n)a, 

where  B  is  determined  by  relaticnship/ratio  (8),  and  (A^JP/ A a  is 
determined  from  relaticnsaip/ratio  (9)  through  the 
prescribed/assigned  fraction/portion  of  the  remaining  particles  n. 

Table  2  gives  the  optimum  values  of  the  frequency  of 
accelerating  field  and  its  wavelengths,  found  for  the  values 
a=4.4*10 r*  and  n=0.9  5  (3*0-  335*  IQ-*1  Hz”**)  .  The  obtained  wavelengths 
are  too  small  in  order  to  thin*  about  their  practical  use.  However, 
this  it  indicates,  in  what  range  to  it  is  more  advantageous  select 
the  frequency  of  acceleration. 

Page  135. 

3.  Given  above  considerations,  in  particular  that  that  optimum 
wavelength  of  accelerating  field  proves  to  be  so/such  small,  suggest, 
that  should  be  thoroughly  studio  a  possibility  of  design  BBKO  as 
waveguide  synchrotron  [6].  The  definite  advantage  of  this  solution  is 
the  decrease  of  orbit  cricumf ere  nee  by  3  0o/o  (^5  km  instead  of  7.5 
km)  or,  at  the  same  length,  an  increase  in  the  curvature  (and, 
consequently,  the  decrease  of  the  emitted  energy)  to  50o/o. 
Furthermore,  in  this  case  drop  off  all  effects  of  the  discreteness  of 
acceleration. 


1  ■ 
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Table  2. 


(/) 

*U,  *  <*U 

l< 

,0 .  inio  0 
>^•10  ,  ru 

_0 

25 

7,83 

1,08 

2,8 

50 

7,03 

1,20 

2,5 

100 

6,21 

1,36 

2,2 

200 

5,37 

1  1.58 

1,9 

400 

4,50 

1,88 

1.6 

Key:  (1)  .  Hz. 
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Discussion. 


A.  L.  Hints.  To  ae  seeas  doubtful  the  advisability  of 
positioning/arranging  the  accelerating  structure  within  the 
saall-aperture  chaaber/caaera.  This  chaaber/caaera  is  singularly 
advisable.  Therefore  I  think  that  to  i-t  is  aore  right  place  the 
accelerating  structures  in  gaps  between  the  aagnets. 
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S.  A.  Heifetz.  The  estimations  of  the  optiau*  wavelength  of 
accelerating  field  lead  to  the  such  low  values,  that  there  is  the 
hope  to  place  the  accelerating  structures  within  vacuua  chaaber 
without  an  increase  in  aagnet  opening. 

A.  N.  Didenko.  I  would  want  to  sake  the  following  observations. 

1.  Exaaining  question  about  use  of  septate  waveguides  as 
accelerating  systeas  of  cyclic  accelerators,  it  is  necessary  to 
investigate  question  about  effect  of  all  coaponents  of  high-frequency 
field,  in  general  case  which  are  changed  concerning  radius  and  height 
of  waveguide,  to  stability  of  action  of  particles.  The  calculations, 
given  by  us  for  the  project  of  cybernetic  accelerator  on  1000  GeV, 
showed  that  if  we  utilize  the  waveguide  systeas  of  the  t, je  of 
Shnell,  which  are  double-row  staircases  in  the  circular  waveguide, 
then  the  presence  of  the  transverse  coaponents  of  high-frequency 
field  leads  to  aoveaent  of  operating  point  in  the  prccsss  of 
acceleration  within  the  limits  cf  the  selected  rhoab  of  stability* 
This  shift  can  be  such,  that  in  the  process  of  acceleration  the 
operating  point  can  the  secants,  which  correspond  to  the  resonances 
of  the  3rd  and  the  higher  orders.  This  effect  can  be  strongly 
weakened,  if  adjacent  waveguide  sections  are  turned  relative  to  each 
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other  on  90°. 

2.  Unfortunately,  S.  A.  Heifetz's  report  does  not  contain 
concrete/specific/actual  d-sta,  tut  his  conclusions  are  too 
genera 1/co a mon/total  and  diffuse.  I  consider  that  data  on  the 
development  of  the  waveguide  accelerating  systems  for  the  cyclic 
accelerators,  obtained  at  the  present  time  in  HII  [ 

Scientific  Research  Institute]  nuclear  physics  TPI  and  MFI,  even  now 
make  it  possible  to  make  the  more  substantiated  confirmations  apropos 
of  advantages  and  disadvantages  in  one  or  the  other  system  and 
shortly  to  develop  the  design  of  the  waveguide  accelerating  system 
for  the  proton  or  electronic  cyclic  accelerator  to  the  completely 
specific  energy. 

Yu.  P.  Orlov.  The  conducted  investigation  shows  that  the  use  of 
vacuum  chamber  within  the  magnetic  clearance  as  the  waveguide  in  the 
large  electronic  circular  accelerator  to  the  energy  100  GeY  is 
completely  inexpedient.  I  will  radicate  main  reasons. 

* 

1.  In  version  of  magnet  accepted  we  obtain  large  reduction  of 
prices  of  project  due  to  small  clearance  (2-h  cm),  small  thickness  of 
framework  and  total  light  weight  and  reserved  magnetic  energy.  Cannot 
be  indicated  the  version  of  the  retarding  structure,  which  would  not 
lead  to  a  considerable  increase  either  in  the  clearance  or  the  length 
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of  aagnet,  or  reserved  energy. 

2.  In  version  accepted  vacuua  chamber  within  nagnet  is  absent. 
The  chamber/canera,  carried  out  as  waveguide,  will  cost  too  dearly. 

3.  In  version  accepted  is  not  required  fine  vacuua  within  nagnet 
(it  is  sufficient  10~*-10”3  an  Hy)  .  chamber-wave  requires  obtaining 
vacuua  *10"'*  an  on  the  very  large  length,  which  will  also  very  raise 
in  price  project. 

4.  At  wavelength  *10  cn  optiaua  length  of  accelerating  section 
taking  into  account  beaa  load  would  be  *1  a,  that  aany  tines  of  less 
than  length  of  aagnet.  It  would  be  necessary  to  introduce  HF  power  on 
each  aeter  of  the  length  of  nagnet,  which  by  itself  will  reduce 
aagnetic  length. 

5.  In  version  accepted  we  wanted  to  forego  or  alaost  to  refuse 
tunnel  for  aagnetic  systea.  If  we  utilize  chamber- waveguide,  then 
hopes  for  the  aagnet,  which  has  the  fora  of  cable  (aagnet-cable) , 
prove  to  be  unrealizable. 

6.  In  version  accepted  overall  length  of  accelerating  gaps  is  3 
ka  at  length  of  magnets  17  ka.  Power,  which  exits  with  the 
radiation/eaission,  the  order  of  the  half  entire  power  of  HF  systea. 
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Therefore  chaaber- wave  guide  gives  actually  advantage  neither  in  the 
length  of  ring  nor  in  power  or  HF  systea.  Transition  to  the 
superconducting  linear  accelerators  gives  the  overall  length  of  HF 
gaps/intervals  **100  a  (J  GeV/revclution)  and  will  increase 
ef fic iency. 
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131.  Selection  of  the  fundamental  characteristics  of  the  accelerating 
system  of  proton  synchrotron  in  the  waveguide  sections. 


o.  A.  Val’dner,  Yu.  A.  Khlestkov,  A.  7.  shal'nov. 


(Moscow  physical  engineering  institute) 


The  identification  of  the  parameters  of  the  accelerating  system 
depends  on  the  series/tow  of  the  competing  factors.  Such  parameters, 
as  radio- frequency,  synchronous  phase,  equilibrium  energy  gain  per 
revolution,  etc.,  affect  the  characteristics  of  the  processes, 
occurring  both  in  the  ring  and  in  the  accelerating  system.  In  this 
work  is  made  the  attempt  to  sum  up  the  basic  laws,  which  are  of 
interest.  As  the  accelerating  system  is  selected  the  broadband 
nonreadjustable  system  in  the  waveguide  sections,  which  makes  it 
possible  to  obtain  high  efficiency  in  the  range  of  frequency 
rearrangement  [  1  ]. 


1.  Large  ring. 


Let  us  examine  some  characteristics  of  the  large  ring  of  proton 
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synchrotron  to  the  superiugh  energy#  which  must  be  taken  into 
consideration  during  the  determination  of  the  parameters  of  the 
accelerating  systen. 

The  aaxiaua  number  of  particles  in  orbit#  determined  by 
permissible  Coulomb  frequency  shift  of  betatron  oscillations  (in  the 
case  of  equality  the  frequencies  of  the  booster  and  ring  and 
full/total/complete  filling  of  orbit  with  clusters) 

Nto*~  H2  «‘V  a1  9s  ,  (i) 

where  |n|  -  index  of  decrease#  a  -  radius  of  beam  upon  the  injection. 
Let  us  note  that  N^az  does  not  depend  on  oscillator  frequency  u  and 
most  strongly  it  depends  on  a  radius  of  beam  upon  the  injection  (as 
«*) . 


Number  of  synchrotron  oscillations  per  revolution  [2]: 

4  1-4  ~i  4  i  i 


•1  1  —1  —jL  ell 

0~Vsa  R«p  a  T  1  , 


where 


K  — 


ar2-i 


permissible  energy  and  radial  scattrer  of  particles  [2]: 

R~*  p"?  y' *  k"^  <,$  ,  (3) ' 

AVhfV  p  ^  T  a  K  .  (4) 


It  is  most  strong  (3)  and  (4)  depend  on  synchronous  phase  (as 
which  can  affect  selection  from  the  point  of  view  of  the  9S 
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agreeaent  of  phase  voluaes  on  syncarotron  oscillations  upon  the 
injection. 

The  aaxiaua  intensity  on  the  synchrotron  oscillations,  connected 
with  the  disturbance/breaxdown  of  the  nechanisa  of  phase  stability, 
depends  on  density  distrioution  of  space  charge  in  clusters  £3]  for 
the  even  distribution 

Nmo*~vJ  a  <«*•> 

and  it  does  not  depend  cn  frequency,  and  for  the  sharply 
collapsible/dropped  to  the  edges  of  cluster  distributions 

Nma»~Vs  T*^'1  (56) 

it  does  not  depend  on  a  radius  of  clusters  and  aore  strongly  it 
depends  on  Vs- 

The  optiaua  time  of  the  phase  correction  aust  be  of  the  order  of 
the  half  the  period  of  synchrotron  oscillations  £4]: 

*Soa~vo^  K  ' *  R*  ^  nf* ,  (6) 

where  v0  -  aaplitude  of  accelerating  voltage. 

2.  Accelerating  systea. 

IV.  *  v2 

Efficiency  and  integral  shunt  resistance  *  the 

>  Pot1** 

characterizing  effectiveness  uses  ap  power  and  length  of  systea  £  1  ]: 
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iVJ  A2(i,y)  RgS  rtg1  COS9  <jt  (Ji1,  (7) 

%  -  A*(x,tj)  R^L1,.  rig  C0S9^3q9  (8) 

where  &,*-  -  coupling  resistance  of  the  retarding  structure*  he-  -  the 
total  length  of  system,  A  (x,  y)  -  the  parameter,  depending  on  the 
full/total/coaplete  fading  (x)  and  the  slip  of  particles  (y)  along 
the  phase  relative  to  wave  at  the  length  of  section  L  [3],  nc  -  a 
number  of  sections  in  orbit.  It  is  evident  that  g  and  x  most 
strongly  depend  on  oscillator  frequency  (as  u*)  ,  and  x  does  not 
depend  on  resistance  of  beam  and  on  the  total  length  of  systea. 

The  ohmic  losses  of  HF  power  are  determined  by  the  parameter  of 
fading  *£aking  into  account  that  total  required  power  P-, 

ox 

depends  on  the  efficiency  of  section  (7)  ,  for  the  ratio  of  total 

losses  to  the  power  of  beam. Ps—  IV,  we  will  obtain  [1]: 

p  ~  1  v,  I  A2(*Ty)L  1oos"29  CJ  2.  (9) 

s 

It  is  interesting  that  with  the  fixed/recorded  efficiency  the  losses 
decrease  with  an  increase  in  the  frequency. 

Page  137. 

The  instability  of  the  parameters  of  those  accelerating  sections 
(frequency  a  of  the  arbitrary  geometric  dimension  of  section  t  and 
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temperature  t°)  leads  to  a  change  in  the  amplitude  of  the 
accelerating  stress/voltage  dua  to  the  appearance  of  suppleaentary 
slipping  and  to  the  airing  of  synchronous  phase  «*<?,•  counting 
divergence  5u,  51,  6t°  autually  independent,  for  the  case  when  in  the 
noainal  rating  they  will  achieve  the  synchronism  (slip  is  absent) ,  we 
obtain: 


l1  a,;1 


do) 


-f-tj •  <ii> 

<12> 

where  4--|^  -  derivative  of  the  frequency  of  the  vibration  aode  ♦  of 
at 

the  accelerating  transmission  aode  according  to  size/diaension  of  1. 
Let  us  note  that  relative  tolerances  in  size  and  frequency  are 
proportional  to  wV  and  u"1 ,  whereas  absolute  allowance  6w  does  not 
depend  on  frequency,  and 


The  affect  of  the  “break  of  impulse /aoaentua/pulse"  £5]  can 
occur  by  asyaaetry  strength  of  beaa  or  accelerating  section.  The 
aultisectional  character  of  the  accelerating  systea,  the  large 
duration  of  acceleration  iapulse  and  the  recurrence  of  passage  by  the 
beaa  of  the  accelerating  sections  are  favorable  reasons  for  the 
developaent  of  this  lateral  instability.  However,  the  presence  in  the 
proton  synchrotron  of  the  focusing  aagnetic  systea,  autoaatic  control 
on  the  beaa  they  can  prcve  to  be  the  positive  factors,  which  decrease 
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the  effect  of  the  aultisectional  character. 

For  the  single  accelerating  section  the  value  of  the  threshold 
intensity  at  which  the  increaent  ox  build- up/ growth  is  equal  to  zero 
[5],  is  proportional: 

^fiup~  T  *os  c*>  .  (13) 

\ 

In  the  aultisection  accelerator  the  divergence  of  the  center  of 
gravity  of  clusters  in  the  field  of  the  induced  or  transverse  wave 
can  build  up  until  clusters  hit  to  the  walls  of  vacuun  chaaber 
(critical  current) .  Effective  length",  at  which  in  the  cyclic 
accelerator  will  be  the  break,  is,  obviously,  the  length,  which 
corresponds  to  the  half  the  period  of  synchrotron  oscillations  (tiae 
of  the  correction  of  the  position  of  bean) .  Froa  the  qualitative 
considerations: 

•rnp  ~  Eo  rJL*  "V  L"2  »cV  .  <14) 

where  ■  -  nuaber  of  sections  at  "effective  length"  of  accelerator. 

Those  enuaerated  and  series/row  of  other  factors,  which  are 
deter  mining  the  identification  of  the  paraaeters  of  ring  and 
waveguide  accelerating  systea,  are  asseabled  in  the  table.  Is 
especially  isolated  <fs  and  u,  since  the;  aost  strongly  affect  the 
properties  of  acceleratox.  Points  and  circles  designated  the  factors, 
which  require  increase  %  and  t.  (next-to-last  coluan)  and  decrease 
<?8''  and  u  (lattar/last  coiuan).  For  exaaple,  froa  the  point  of  view 
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Key:  (1).  Factors.  (2).  Parameters.  (3).  Maxima  intensity, 
deter  mined  by  betatron  oscillations.  (4) .  Frequency  of  synchrotron. 
(5).  Peraissible  variations  along  iapuises/aoaenta/pulses.  (6). 
Permissible  radial  scatter.  (7).  Amplitude  of  betatron  oscillations, 
which  corresponds  to  eaittance.  (8).  Acceptance  of  accelerator.  (9). 
Amplitude  of  accelerating  voltage  upon  injection.  (10).  Tiae  of  phase 
synchronization  upon  injection.  (11).  Adiabatic  daapinq  of 
synchrotron  (radial- phase)  and  betatron  oscillations.  (12).  Maximum 
intensity,  determined  ty  syncarctron  oscillations.  (13).  uniform 
density  distribution.  <14).  snarply  collapsible /dropped  density 
distribution.  (15).  Efficiency  oi  accelerating  system.  (16).  Integral 
shunt  resistance.  (17).  Aperture  of  span  channel.  (18).  Transverse 
size/dimension  of  section.  (19).  Ohmic  losses  of  HF  power. 
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(20).  Allowances  for  the  stability  of  the  parameters  of  the 
accelerating  section.  (21).  relative.  (22).  absolute.  (23).  Threshold 
intensity  due  to  "break  cf  iapulse/aoaentue/pulse"  in  single  section. 
(24).  Critical  intensity  in  nultisection  accelerator.  (25).  Duration 
of  transient  processes.  (26) .  Vacuum  volume  and  weight  of  eetal  of 
accelerating  section. 
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132.  Los  Alaaos  aeson- producing  cyclotron. 


E.  A.  Knapp. 


(California  university,  OSA) 


1.  Introduction. 


The  construction  of  net*  experimental  installations  for  obtaining 
the  inforaation  about  the  nucleus  and  the  eleaentary  particles 
pursues  the  target  of  the  expansion  of  experiaental  possibilities  in 
two  coapletely  different  directions.  On  one  hand,  the  construction  of 
accelerators  to  ever  higher  energies  brought  fruitful  results,  after 
naming  it  possible  to  reveal/detect  aany  new  phenoaena  which  thus  far 
still  remain  incomprehensible.  Another  possibility  of  expanding  the 
boundaries  of  the  region  of  investigations,  deterained  by  the 
intensity  of  bean,  available  for  the  experiments  on  the  accelerators, 
begins  to  be  utilized  only  now.  Only  practice  will  aake  it  possible 
to  give  response /answer  to  a  guestion,  will  expand  an  increase  in  the 
intensity  of  the  beaas  cf  the  possibility  of  obtaining  the  new 
inforaation  about  the  nucleus  and  the  eleaentary  particles  to  the 
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sane  degree  as  an  increase  in  the  energy.  Higher  intensities  can  be 
utilized  for  the  investigation  in  the  regions  of  physics, 
unattainable  with  the  less  intense  flows,  by  two  different  methods. 
First,  the  higher  intensities  of  oeaa  aake  it  possible  to  attempt  to 
observe  the  very  rare  events  whose  probability  at  the  saaller 
intensities  proves  to  he  too  snail  for  their  observation.  In  the 
second  place,  high  intensities  can  be  used  for  increasing  the 
resolution  in  the  experiment,  which  has  as  a  goal  the  detection  of 
the  effect  of  the  fine  structure  which  can  contribute  to  aore  a 
fundaaental  understanding  of  the  phenoaenon  being  investigated.  An 
increase  in  the  intensity  to  the  greatest  extent  expands  the 
possibilities  of  experiaentatlon,  in  which  are  utilized  secondary 
beaas,  for  example,  tea  as  *  -  aesons.  At  Los  Alaaos  aeson-producing 
cyclotron  (LAMP)  the  intensity  of  proton  beaa  with  the  energy  800  HeV 
will  be  increased  to  four  orders.  Energy  is  selected  froa  the 
considerations  that  along  with  the  intense  primary  beaa  to  obtain  the 
intense  flows  of  secondary  particles,  namely  pi-aesons,  p-  aesons, 
which  are  foraed  as  a  result  of  their  decoaposition/decay,  and  also 
neutrons.  Average/aean  intensity  of  proton  beaa  in  1  aA  was  selected 
on  the  basis  of  the  following  considerations.  First,  contemporary 
level  of  developaent  of  technology  and  available  experiaent  aake  it 
possible  to  work  with  such  intensities  in  the  sense  that  heating 
target,  induced  radioactivity  and  requirements,  presented  to  the 
protection,  do  not  represent  serious  problems. 
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Pig.  1.  Aerial  photograph  of  construction  of  LASF. 

Page  140. 

In  the  second  place,  this  intensity  of  bean,  froi  the  point  of  vies 
of  the  opened/disclosed  possibilities  of  experinent,  they  are 
coapletely  new  region.  Another  being  of  large  interest  parameter  is 
nacroscopic  duty  factor  whose  increase  fxon  6  to  12o/o  corresponds  to 
improvement  alaost  to  two  orders  in  conparison  with  the  possibilities 
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cf  contemporary  linear  accelerators  both  proton,  and  electronic  and 
provides  exceptional  universality  from  the  point  of  view  of 
experiment.  The  basic  parameters  of  linear  accelerator  LAHF  are  given 
on  page  148. 

2.  General/coamon/total  description  of  the  construction/design  of 
accelerator  LAMP  and  state  of  its  construction. 

Main  accelerator  LA MP  consists  of  three  parts:  injector  on  750 
keY;  the  supplied  of  it  drift-tube  linac  (of  Alvarez»s  type),  of  the 
worker  at  freguency  201,  25  MHz  and  linear  accelerations  with  the 
variable /alternating  energy  to  1 CQ-800  MeY,  working  at  the  frequency 
805  MHz.  The  overall  length  of  accelerator  is  840  m.  Fig.  1  shows 
aerophotography  of  construction,  taken/reaoved  during  June  1970. 

The  complex  of  injector  will  consist  Cockroft-Walton*s  their 
three  accelerators  whose  sources  will  give  the  positive  ions  of 
hydrogen  (H+),  negative  icns  of  hydrogen  0O  and  polarized  negative 
ions  of  hydrogen  [ 1  ].  Provision  is  made  for  the  system  of 
transportation  and  bunching  of  beam,  which  ensures  the  possibility  of 
simultaneous  injection  into  the  section  of  the  type  of  Alvarez  of  the 
beams  of  positive  and  negative  icns  or  positive  and  polarized 
negative  ions;  the  construction/design  of  linear  accelerator  provides 
for  simultaneous  acceleration  of  both  beams  and  their  separation  by 
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the  beam-separation  system.  The  possibility  of  the  simultaneous 
acceleration  of  positive  and  negative  hydrogen  ions  provides  the  high 
universality  of  accelerator  in  the  sense  of  the  possibility  of 
siaultanecus  experimentation  in  several  beaa  areas,  the  aagnetic 
separation  of  the  beaas  cf  positive  and  negative  ions,  and  also 
use/application  by  correspondingly  of  the  mixed  foil  for  the 
stripping  of  the  negative  ions,  which  are  determining  the  eaittance 
of  the  obtained  positive  ion  beam  or  which  create  several 
supplementary  proton  beams,  mates  it  possible  to  ensure  the  wide 
selection  of  the  conditions  for  experiment.  Pig.  2  shows  the 
plan/layout  of  injection  complex  and  systea  of  the  transportation  of 
beaas,  intended  for  the  accoaplishaent  of  this  objective.  At  present 
the  high-voltage  rectifier  of  Ccckroft-Walton,  ionic  source  and 
system  of  the  transportation  of  the  positive  ion  beaa  of  hydrogen  are 
found  in  running  order;  satisfactorily  aoves  work  on  the  equipment 
installation  for  obtaining  the  beaa  of  negative  hydrogen  ions.  At 
present  are  conducted  aeasureaents  for  the  purpose  of  the 
deter aination  of  the  eaittance  of  bean  and  its  energy  uniformity.  As 
a  result  of  preliainary  aeasureaents  were  obtained  very  satisfactory 
characteristics.  At  the  entrance  into  the  first  tank  of  a  section  of 
Alvarez's  type  were  obtained  the  values  of  eaittance  less  1*  ca  mrad. 
The  difficulties,  connected  with  the  limited  service  life  of  source, 
it  was  not  noted.  In  Fig.  3  it  is  shown  photograph  of  injector  - 
Cockroft- Walton's  accelerator. 
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Tha  drift-tube  linac  on  100  Me?  has  the  new  construction/design# 
which  promises  to  be  considerable  improvement  in  comparison  with  the 
accelerators  of  such  type,  constructed  several  years  ago.  In  this  new 
system,  developed  in  recent  years  in  Los  Alamos  laboratory  [2],  for 
stabilization  of  the  magnetic  field  and  elimination  of  the  phenomena, 
connected  with  the  beam  load,  transition  effects  and  detuning  of 
resonators,  are  utilized  resonance  dowels. 
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Pig.  2.  Injector  and  system  of  the  transportation  of  the  beaa:  1  - 
source  of  the  polarized  ions;  2  -  source  h *;  3  -  source  h*',  4  "  the 
deflecting  magnet;  5  -  quadruplet;  6  -  aagnet  for  rotating  the 
direction  of  polarization;  7  *  triplet;  8  -  shaper  of  beaa;  9  - 
buncher;  10  -  section  of  accelerator  with  the  drift  tubes. 

Key:  (1).  In  the  feet. 

Page  141. 

They  provide  a  change  cf  the  characteristics  of  the  propagation  of 
the  accelerating  wave  in  the  resonator  due  to  an  increase  in  the 
group  velocity  froa  zero  to  high  values,  as  a  result  of  which,  for 
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example,  the  sensitivity  of  field  distribution  to  the  detuning  of 
resonators  descends  aore  tnan  200  times  in  comparison  with  the 
sensitivity  of  usual  resonators.  The  high  group  velocity  provides 
also  the  uniform  build-up  of  field  in  the  resonators  upon  the 
inclusion/connection  or  during  other  transient  processes.  The  linear 
accelerators  of  old  construction/design  were  distant  froa 
satisfaction  of  this  condition. 

th8  supply  of  these  resonators  is  accomplished/realized  froa  the 
triode  amplifiers  BCA7835,  woich  wort  at  average/aean  power  430  kH, 
also,  at  the  peak  power  of  3.0  The  peak  power,  indicated  above, 
is  completely  usual.  However,  average/aean  power  consumption  is 
coapletely  unusual,  and  for  the  satisfaction  of  the  stated 
requirements  was  required  the  careful  studying  of  construction/design 
[3].  The  unique  special  feature/peculiarity  of  the  high-frequency 
amplifier,  arranged/located  in  the  tank  accelerator,  is  very  precise 
amplitude  control  and  phase  of  field,  provided  by  the 
construction/design  of  systea.  Theoretically  because  of  the  very  good 
characteristics  of  the  propagation  of  energy  in  the  tank  of 
accelerator  field  measurement  at  one  point  aakes  it  possible  to 
determine  its  amplitudes  and  phases  in  the  entire  systea.  The 
thoroughly  thought-out  ccnstruction/design  of  the  systea  of  the 
feedback,  intended  for  the  control  of  field  by  aeans  of  a  change  in 
aaplitude  and  phase  of  excitation,  to  ensure  dynamic  control  of  these 
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paraaetars  during  the  higa-frequency  pulse  with  the 
precision/accuracy  is  better  than  one  percent  in  the  amplitude  and 
one  degree  on  phase  [4]. 

The  first  section  of  section  with  the  drift  tubes  to  the  energy 
5  Be?  is  already  led  to  the  working  order;  on  10  June,  1970,  is 
obtained  proton  bean  with  the  energy  5  Be7.  At  present  this  section 
is  utilized  for  the  tests  of  the  high-frequency  power-supply  systea 
and  injector  in  process  of  which  slowly  sure  reaoved  technical 
defects.  The  first  tank  cf  linear  accelerator  to  the  setting  up  of 
covers/caps  is  shown  in  fig.  4.  fig.  5  shows  the  sane  tank,  installed 
together  with  the  systea  of  the  transportation  of  beaa.  To  the  autunn 
of  1970.  it  is  proposed  to  obtain  the  large  part  of  the  data  about 
the  characteristics  of  this  sysxea.  the  plans/layouts  of  construction 
provide  for  obtaining  preton  beaa  with  the  energy  100  He?  during  July 
1971,  and  at  present  not  evidently  any  obstructions  and  to  their 
execution. 

The  section  of  linear  accelerator  LAHP,  which  provides  the 
acceleration  of  protons  froa  100  to  800  BeV,  it  has  the  unique  new 
construction/design  which,  as  they  assuae/set,  it  will  ensure 
exclusively  good  characteristics  both  in  the  sense  efficiency  during 
the  conversion  of  high-frequency  energy  into  the  energy  of  beaa  and 
in  the  sense  of  the  precision/accuracy  of  tiaing  adjustaent  of 
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electromagnetic  field  in  accelerator  [5,  6].  At  the  basis  of  the 
construction/design  of  linear  accelerator  LAH?  lies/rests  the  system 
of  resonators  with  the  lateral  coupling  elements,  shovn  in  Fig.  6.  In 
this  system  the  sequence  of  the  accelerating  cavities, 
arranged/located  along  the  axis/axle  of  bundle,  is  connected  with  the 
coupler  cavities,  arranged/located  beside  the  axis/axla  of  bundle.  In 
the  operational  conditions  (mode  v/2)  these  coupling  elements  are 
excited  very  weakly,  which  provides  the  insignificant  dissipation  of 
high-frequency  energy,  but  is  formed  the  mechanism,  which  ensures  the 
very  rapid  energy  transfer  with  the  transient  processes  in  the  system 
or  the  emergence  of  the  imbalance  of  field.  The  action  of  such 
resonators  is  analogous  with  the  action  of  resonance  dowels  in  the 
drift-tube  linac,  and  stabilization  is  compared  with  attained  at  the 
use  of  dowels.  The  measurements  of  their  shunt  resistance  showed  that 
in  this  case  is  reached  the  gain  in  the  efficiency  almost  four  times 
in  comparison  with  the  resonance  wave-guide  system,  loaded  with 
diaphragms,  and  an  increase  in  the  stability  of  field  200-500  times. 


DOC  =  80069311 


SAGE 


Tha  high-frequency  system#  utilized  for  the  supply  of  this  part 
of  the  linear  accelerator  LAtif,  is  also  unique  development.  Its  basic 
part  is  klystron  with  power  1.25  99  vith  the  aodulating  anode  in 
power  160  kW,  which  is  the  greatest  achieveaent  in  the  region  of 
developing  the  high- power  tubes  for  the  supply  of  linear 
accelerators.  This  lamp  works  in  the  ao de/conditions  of  linear 
amplifier#  moreover  the  aodulating  anode  is  utilized  only  for 
including  of  laap  and  its  disconnection#  but  not  for  the  control. 

Fine  adjustment  of  power  output  and  phase  is  accomplish ed/realized 
due  to  modulation  of  radio-frequency  drive.  Were  made  the  very 
careful  measurements  of  the  characteristics  of  these  amplifying 
tubes#  which  makes  it  possible  to  optimize  the  construction/design  of 
the  feedback  of  the  control  system.  Conducting  these  measurements 
required  the  developments  of  the  precision  high-frequency  measuring 
meter  which  was  not  produced  by  industry  [8]. 

At  present  the  production  of  resonators  with  the  lateral 
coupling  elements  of  that  initiated  of  approximately  25o/o  of  their 
total  number  is  already  prepared#  end  is  conducted  their  assembly  in 
the  tunnel  of  accelerator,  fig.  7  ,<;hows  the  photograph  of  the  tunnel 
of  accelerator  with  the  installed  part  of  the  linear  accelerator.  The 
delivery  of  the  first  series  saaples/speciaens  of  klystrons  is 
expected  during  September  1970.  Is  completed  the  production  of  two 
prototypes  of  high-frequency  systems;  is  initiated  the  production  of 
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the  systems  of  modulation.  it  is  assumed  that  the  series 
sample/specimen  of  high-freguancy  system  will  be  finished/prepared 
for  the  tests  in  the  fall  of  1970.  The  prototypes  of  high-frequency 
systems  were  used  for  the  longevity  tests  of  klystron  amplifiers,  at 
present  10  klystrons  studied  under  high  voltage  22000  hours  without 
the  emergencies;  for  one  of  them  during  7000  hours  of  work  it  was  not 
noted  any  signs/criteria  of  deterioration  in  the  characteristics. 

The  development  of  the  convenient  for  the  mass  use  nethod  of  the 
adjustment  of  resonators  and  the  subsequent  tests  of.  these  resonators 
with  the  high  loads  were  the  most  labor-consuming  work  on  the 
investigation  of  accelerative  systems,  carried  out  in  the  course  of 
the  latter/last  six  months.  Although  the  allowances  for  the  systems 
of  resonators  with  the  lateral  coupling  elements  are  not  too  rigid, 
is  required  the  very  fine  tuning  of  general/ccmmon/total  frequency 
and  the  very  precise  knowledge  of  the  medium  frequency  of  the 
matching  elements/cells.  The  general/com non /total  leading  principle, 
accepted  by  the  autumn  of  last  year?  lies  in  the  fact  that  for 
achievement  of  the  reproducible  results  during  the  adjustment  of 
10000  resonators  of  which  consists  the  system,  is  necessary  the 
method  of  the  adjustment  of  individual  resonators,  which  ensures  the 
appropriate  precision/accuracy. 
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Pig.  7.  Tunnel  of  linear  accelerator  LAHP  with  the 
established/installed  sections  cf  accelerator. 


Page  144. 


Has  completed  the  develcpnent  of  eguipaent  for  the  ad  just  sent  and  the 
corresponding  procedures,  and  after  several  false  starts  was  begun 
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the  series  adjustaeat  of  resooators  in  the  tunnel  of  accelerator 
which  continues  already  somewhat  acre  than  month.  The  uniformity  of 
the  distribution  of  electric  field,  attained  with  the  aid  of  these 
methods  of  adjustment,  apparently,  satisfies  the  requirements,  which 
escape/ensue  from  the  dynauics  ct  beam. 

Here  initiated  the  tests  of  accelerative  system  with  the  high 
loads.  The  first  measure aents  were  carried  out  for  the  target  be 
convinced  of  the  fact  that  accelerating  field  does  not  depend  on  the 
average/mean  power  level  in  tne  individual  tanks  of  accelerator.  For 
explaining  this  question  were  developed  some  unique  instruments  with 
the  aid  of  which  it  is  possible  to  conduct  the  aeasureaents  of  a 
difference  in  the  frequencies  of  accelerating  cavities  and  coupling 
eleaents  with  the  precision/accuracy  of  above  10  kHz  at  the  peak 
power  of  1  HW  and  relative  change  in  the  aaplitudes  with  the 
precision/accuracy  approximately  Ic/o.  The  results,  obtained  up  to 

now,  show  that  the  aaplitudes  of  field  are  changed  less  than  by  2o/o 

with  a  change  in  the  average/aean  power  of  excitation  fron  9  to  90  kH 

at  the  peak  power  of  approximately  750  kH.  Continue  further 

investigations  for  the  purpose  of  determining  the  tuning  precision  of 
individual  resonators,  in  the  near  ones  several  months  will  be 
carried  out  measurement  at  the  high  power  for  the  purpose  of  checking 
the  transient  responses,  calculated  theoretically,  the  investigation 
of  the  characteristics  of  feedback  loops  for  amplitude  control  and 


DOC  =  80069311  PAG2  & 

phase  in  the  final  constructioa/design  of  accelerator  and  atteapt  at 
revealing  the  possible  problems,  connected  with  the  reliability  of 
the  systems  as  a  whole,  wnich  can  require  attention  subsequently. 

Besides  these  investigations,  conducted  on  the  serially  produced 
nodes/units  of  final  ccnstruction/design ,  during  more  than  two  years 
at  present  already  continues  the  operation  of  the  electronic 
prototype  of  accelerator  [9]  in  process  of  which  were  obtained 
exclusively  good  results,  this  accelerator  was  intended  for  a  strict 
and  precise  checking  of  automatic  control  systems  of  amplitude  and 
phase  which  will  be  utilized  in  the  linear  accelerator  LAMP,  and  also 
for  the  common  checking  of  the  characteristics  of  the  waveguide 
system  of  accelerating  cavities  with  lateral 

connection/communicaticn.  The  advantages  of  the  linear  accelerators 
in  which  can  be  utilized  the  automatic  control  system  with  feedback, 
visually  become  apparent  in  the  measured  characteristics  of  beam  at 
output  of  accelerator.  Addition  of  the  system  of  the  transportation 
of  beam  with  the  magnetic  analyzer  made  it  possible  to  measure  the 
characteristics  of  beam  at  output  with  the  high  current.  Passage 
90o/o  of  accelerated  beam  through  the  system  of  slots,  which  ensures 
momentum  resolution  ♦- 0.25o/o  with  the  energy  25  HeV,  is  standard, 
and  the  instability  of  energy  of  the  accelerated  bean  comprises  less 
than  0. lo/o.  These  numerals  characterize  the  precision/accuracy  of 
the  work  of  automatic  control  system  with  the  feedback  and  confirm 
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that  the  characteristics  of  accelerator  are  actually/really  such, 
that  aake  it  possible  tc  utilize  for  the  supply  the  systeas  of  the 
feedback  of  field  measurement  at  one  point.  It  is  proposed  to  conduct 
further  tests  of  this  accelerator  for  the  purpose  of  the  aore 
detailed  investigation  of  its  characteristics. 

In  the  systea  of  control  LAHP  is  utilized  average/aean  TsVM  [ 

-  digital  coaputer],  which  accoaplishes/realizes  check  of  all  systeas 
of  setting  up  and  control  by  thea  £10].  Were  designed  couplers  for 
collection  and  transmission  of  the  corresponding  information;  the 
prepared  prototypes  of  this  sguipaent  successfully  worked  under 
conditions  of  the  high  noise  level  in  ia mediate  proximity  of  the 
high-frequency  amplifiers.  Is  obtained  the  controller  and  at  present 
is  conducted  work  on  software  of  systea.  Is  posed  the  problem  during 
the  winter  of  1970-1971  of  checking  the  control  systea  in  the 
operation  on  the  injector  complex  and  the  first  tank  of  an 
accelerator  of  Alvarez's  type.  Will  further  carried  out  the  tests  of 
systea  as  a  whole  for  the  purpose  of  checking  its  ability  fulfill  the 
entrusted  to  it  functicns.  At  present  the  degree  of  the  readiness  of 
entire  coaplex  of  accelerator  comprises  sore  than  5 Oo/o. 


3.  Investigations  in  physics  of  nucleus  and  elementary  particles  at 
Los  Alaaos  aeson-produciag  cyclotron. 
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Which  best  way  of  using  the  provided  by  LAHF  fantastic  increase 
in  the  intensity  for  obtaining  new  data  in  the  region  of  physics  of 
nucleus  and  elementary  particles?  This  question  is  sufficiently 
coupler  and  to  it  it  is  not  possible  to  give  iaaediate 
response/ansver.  The  author  Kill  attempt  to  help  listeners  to 
understand  some  considerations,  which  served  as  basis/base  for  the 
construction  of  this  setting  up.  For  this  purpose  will  be  examined 
soae  experiments  which  ^ere  proposed  or  they  are  prepared  for  the 
conducting  on  LAMF.  At  the  basis  of  these  experiments  li,  V^ests  the 
use  of  high  intensity  cf  beam  either  for  increasing  the  statistical 
precision/accuracy  daring  the  observation  of  very  rare  events  and 
processes,  which  have  snail  sections,  or  for  an  iaprovenent  in  the 
experimental  resolution. 


Two  aost  important  systems  of  experimental  installations  are 
intended  for  a  considerable  increase  in  the  general/conaon/total 
resolution  with  which  it  is  possible  to  carry  oat  different 
experiments,  such  systeas  are  the  complex  of  the  proton  spectroaeter 
of  high  resolution  (PSVB)  and  the  channel  of  spectrometry  of  those 
scattered  ST  mesons  (KSBH)  •  Stimulus  for  the  development  of  these 
programs  were  faster  consideration  the  expansions  of  the  experimental 
possibilities  of  nucleai  physics,  than  the  interests  of  physics  of 
elementary  particles. 
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At  the  basis  of  the  selection  of  construction/design  PS  VR 
lie/rest  following  considerations  [11].  iith  the  energies,  which 
exceed  several  hundred  HeV,  mean  free  path  of  nucleons  by  the  nuclear 
substance  is  maximum,  the  probability  of  their  multiple  scattering  in 
the  nucleus  minimum,  the  De  Broglie  wavelength  is  lower  than  average 
distance  between  the  nacleons  and  it  is  possible  to  consider  that  the 
bombarding  protons  interact  in  the  nucleus  with  the  separate 
nucleons.  Because  of  this  the  experimenter  falls  into  the  completely 
new  region,  than  that  that  was  investigated  aith  the  energies, 
available  with  the  aid  of  the  accelerators  of  a  Van  de  Graaf.  In  this 
region  can  be  set  the  experiments,  which  make  it  possible  to 
investigate  the  behavior  of  separate  nucleons  or  nucleon  associations 
in  the  nucleus.  Por  exasple,  the  observation  of  reactions  of  the  type 
"(p,px),  where  x  designates  any  light  nucleus,  in  particular,  deutron 
or  alpha- particle,  will  late  it  possible  to  investigate  the 
correlations  between  the  nucleons  of  nucleus.  Is  at  present  selected 
the  final  version  of  ccnstruction/design  PSVB,  and  will  agree  orders 
for  the  delivery  of  aany  basic  elements  of  this  setting  up.  Is 
selected  the  method  of  spectrometry  on  the  energy  losses  of 
particles.  In  other  words,  will  be  used  such  spectrometric  system,  in 
which  the  degree  of  the  inelasticity  of  reaction  is  measured  with 
considerably  the  higher  precision/accuracy  than  the  absolute  values 
of  the  iapulses/momenta/pulses  of  the  bombarding  and  scattered 
particle. 
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Pago  145. 

This  construction/de sign  mates  it  possible  to  utilize  considerably 
higher  speed  of  count  tdthout  a  reduction  in  the  precision/accuracy. 

It  is  expected  that  ?sva  will  possess  the  following 
characteristics:  1)  energy  resolution  100  keV  (full/total/coaplete 
width  on  the  half  height)  for  the  protons  with  the  energy  800  HeV, 
scattered  on  ag2»  at  angla  of  45°.  2)  the  solid  angle  of  10  asr.  3) 
Angular  resolution  2  arad,  ainiaua  scattering  angle  by  10°. 

4.  Achroaatic  systea  of  the  transportation  of  bean. 

Pig.  8  shows  the  be a a- separation  system  at  the  output  from  the 
accelerator.  The  beaa  cf  negative  hydrogen  ions  is  deflected/diverted 
to  the  left,  is  recharged  to  abrasive  device /eg uipaent  and  is 
directed  for  beaa  area  c,  where  is  arranged/located  the  electromagnet 
of  spectroaeter. 
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Pig.  8.  The  plan/layout  cf  the  beam-distribution  systee  at  the  output 
of  the  accelerator:  1  -  turntable  of  spectrometer  and  target;  2  - 
beam  area  S;  3  -  bean  area  V;  4  -  target  fron  deuteride  of  lithiue;  5 
-  devica/eguipment  for  the  decontanination  and  monitors  of  bean 
(length  -  1.5  n)  ,  that  consists  of  carbon  slots,  ionic 
chanber/caaera,  monitor  vita  the  secondary  emission,  etc.,  6  -  output 
of  accelerator;  7  -  thin  target;  8  -  to  beam  area  D;  9  -  beam  area  A; 
10  -  target  A- 1. 

Key:  (1) .  Scale  in  feet. 

Page  146. 

In  target  region  the  beam  undergoes  dispersion  in  the  vertical 
direction,  and  then  is  assembled  in  the  spectrometer,  so  that  the 
elastic  scattered  prctcns  are  focused  into  the  point  whose  position 
does  not  depend  on  the  position  of  source.  Pig.  9  shows  magnet  psvh 
and  shielded  chanber/caaera  of  spectrometer.  The  characteristics  of 
spectrometer  indicated  mate  it  possible  to  raise  momentum  resolution 
45  tines  in  comparison  with  the  achievement  in  the  analogous 
experiments  on  the  cosmotron  and  to  observe  processes  with  the 
sections  to  two  orders  lower  than  they  .were  investigated  earlier. 

At  the  basis  of  ccnstructicn/design  of  KSBfl  lie/rest  analogous 
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considerations  with  the  difference  that  here  as  the  "projectiles"  for 
the  nuclear  bombardment  are  utilized  the  pi-aesons,  but  not  protons 
[12];  their  use/application  significantly  siaplifies  the 
interpretation  of  results,  since  the  spin  of  pion  is  equal  to  zero, 
the  aaplitude  of  pion-nudeoa  scattering  has  considerably  sinpler 
spin  structure,  than  the  aaplitude  of  nucleon-nucleon  scattering. 

Rith  the  low  energies  the  aaplitude  of  pion-nucleon  scattering  also 
is  considerably  weaker  than  the  aaplitude  of  nucleon-nucleon 
scattering,  and  considerably  aore  siaply  it  depends  on  energy. 
Therefore  optical  models,  brought-out  theoretically,  and 
conclusion/output,  obtained  in  the  approxiaation/approach  of  single 
scattering,  will  wary  agree  well  with  the  data  about  the  scattering 
with  the  low  energies  of  pi-aesoos,  but  not  nucleons. 

Pions  differ  froa  nucleons  in  the  aass,  the  isotopic  spin  and 
the  statistics  by  which  they  are  subordinated.  Because  of  this 
difference  connection/co aaunication  between  the  energy,  the 
iapulse/aoaentua/pulse  and  the  acaent  of  aoaentua  for  the  pi-aesons 
another,  than  for  the  protons.  A  difference  between  spins  and 
isospins  of  these  particles  leads  to  the  fact  that  during  scattering 
of  pi-aesons  by  nucleus  are  soaked  other  nuclear  states,  than  during 
the  scattering  by  the  nucleus  of  nucleons.  Dual  overcharging  can 
serve  as  the  characteristic  exaaple  to  the  reaction,  aaking  it 
possible  to  obtain  the  nuclei,  unattainable  with  other  aethods  of 
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study.  Since  the  pi-meson  is  not  identical  to  the  particles,  entering 
nuclear  composition,  Pauli's  principle  does  net  create  difficulties 
with  the  interpretation  ci'  the  corresponding  experinents.  The  capture 
of  pi-aeson  by  nucleus  increases  energy  of  nucleus  on  140  HeV  without 
a  change  in  its  aoaent  of  aoaentua.  The  investigations  of  the  capture 
of  pi-mesons  can  give  information  about  the  correlations  between  the 
nucleons,  their  aoaentua  distribution  and  existence  in  the  nucleus  of 
nucleon  associations. 


Use  both  of  positive  and  negative  pi- mesons  gives  very 
interesting  to  possibility  obtainings  of  information  about 
differences  of  the  distribution  of  protons  and  neutrons  in  the 
nucleus  as  a  result  of  the  study  of  the  full/total/coaplete  inelastic 
scattering  cress  section  and  differential  elastic  cross  sections. 
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Fig.  9.  Hagnet  and  shielded  chaaber/caaera  of  the  proton  spectrometer 

of  the  high  resolution:  1  -  water  tank;  2  -  beat  plug  (graphite  with 

the  water  cooling)  ;  3  -  spectrometer  of  high  resolution;  4  -  ai'o 

cushions;  5  -  froa  the  device/equipeent , of V  stripping;  Screened  doer  tn 

air  shock  absorbers;  7-  ventilation  opening;' 8-  tap/crane; 

9  -  detectors;  10  -  tap/crane  which  will  bv  esraniished/installed  in 

the  future;  11  -  bridge  for  the  cables  and  other  coaaunications;  12  - 
tap/crane  of  target;  13  -  target;  14  -  guadrupole  lens  L=0.77  a, 

8=12.25  ca,  8=5.30  kg  (on  the  surface  of  poles),  weight  8.5  t;  15  - 
deflecting  aagnet  (divergence  on  75°  of  particles  with  the 
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iapulse/noaentua/puise  1463  MeV/s  in  the  field  13.94  kg);  16  -  the 
deflecting  aagnet  (divergence  of  particles  of  75°  with  the 
impulse/aoaentum/pulse  1463  aeV/s  ir.  the  field  13.94  kg,  weight  127.5 
t) . 

Key:  (1).  Experimental  zone  C.  (2),  Feet. 

Page  147. 

The  coaparison  of  the  results  of  scatrering  experiaents  of  pions  and 
nucleons  is  of  large  interest  frca  the  point  of  view  both  checking 
the  applicability  of  theoretical  methods  and  obtaining  of  nuclear 
physics  information. 

The  establishment  cf  difference  and  reseablance  of  these  . 
processes  is  very  important  from  the  point  of  view  of  tho  systematic 
investigation  of  the  properties  of  nuclei.  The  coaparison  of  the  data 
about  a  radius  of  proton,  obtained  as  a  result  of  scattering  of 
pi-mesons  and  particles,  which  test/experience  electromagnetic 
interaction,  is  very  important  for  checking  the  theoretical 
approaches. 

"the  system  of  proposed  KSfiH  consists  of  the  pion  channel,  in 
which  of  pin,  which  appear  in  the  target,  arranged/located  on  the 
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path  of  intense  proton  bean,  is  roraed/shaped  the 

high ( ly ) -aonoenergetic  beam  of  pi- mesons,  and  the  spectrometer  which 
provides  recording  the  scattered  masons  with  the  high 
precision/accuracy.  KSBfl  is  "spectrometer  on  the  losses",  so  and 
PSVR,  where  a  change  in  the  impulse/aoaentua/pulse  is  determined  with 
considerably  the  higher  precision/accuracy  than  geceral/coamon/total 
impulse/moaen turn /pulse.  Initial  system  must  have  the  following 
ch aract eristics: 

Mason  channel. 


Solid  angle  ...  of  10  msr  full/tctal/complete  width. 

Momentum  acceptance  ...  lo/o. 

flomentum  resolution  ...  1*1 0”* *  with  the  sizes/dimensions  of  source 
3x1  cm  x  of  1  mm. 

The  angular  resolution  ...  of  10  mrad. 

The  range  of  energies  ...  from  100  HoT  to  Em**  (which  depends  on 
assignments) . 

Scattering  target  ...  15x15  cm. 
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Spectroaeter. 

Solid  angle  ...  of  10  asr. 

Hoaentum  acceptance  ...  lOo/o. 

Homentua  resolution  ...  1*10“*. 

( 

The  angular  resolution  ...  of  3  arad. 

Iapulse/aoaentua/pulse  ...  of  100-750  SeY/s. 

Since  aaxiaua  energy  of  spectroneter  and  its  aperture  ratio 
deteralne  the  cost/value  of  system,  study  program  was  subjected  to 
careful  study  for  the  purpose  of  the  guarantee  of  a  ainiaua 
cost/ value. 

ksrn  is  only  one  of  several  channels  with  the  use  of  the 
secondary  beaas  which  are  planned/glided  on  LABF.  Fig.  10  shows  the 
plan/layout  of  the  experiaental  zone,  situated  along  the  line  of  the 
transportation  of  intense  beaa.  On  it  is  shown  the  location  KSRfl, 


channel  of  slow  aesons,  channel  of  fast  aesons,  channel  of  retarded 
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p- mesons,  pion  channel  cf  general  purpose  (having  lov  cost/value)  and 
channel  of  fast  p-aesons.  Necessary  for  the  construction  of  these  all 
channels  aeans  at  present  are  absent.  However,  soee  of  these  projects 
are  located  in  the  stage  of  serious  study,  and  it  is  possible  to 
expect  that  their  construction  will  be  begun  in  a  year. 


\  II 


Host  typical  of  these  channels  of  secondary  particles  is  the 
channel  of  slow  pi-aescns.  Has  recently  published  the  sufficiently 
full/total/conplete  study  of  the  construction/design  of  this  channel 
[13].  The  configuration  of  magnet  is  shown  in  Fig.  11.  Particle 
trajectories  are  bent  in  the  vertical  plane  in  order  to  ensure  the 
minimum  height  of  source  and  aaxiaua  resolution.  Has  selected  the 
construction/design  with  four  deflecting  nagnets,  which  provides 
excellent  accessibility  to  equipment,  its  universality  and 
convenience  in  the  use,  and  are  examined  the  following  designed 
conditions: 


1.  Besolution.  For  soae  experiments,  in  particular,  for  the 
study  of  scattering  pi-aeso ns  on  nuclei  and  capturing  the  pi-mesons, 
is  necessary  a  good  resolution  (hp/p  order  0.  lo/o  or  less) .  For  other 
experiments,  for  example,  of  investigation  0  -  the 
decoa position/decay  of  pi-aesons,  it  is  necessary  to  encompass  the 
vide  interval  of  the  values  of  iapulses/aoaenta/pulses. 
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2.  It  is  desirable  to  have  both  positive  and  negative  pi-aesons. 


3.  Sizes/dimensions  of  focal  spot.  Divergence  of  bean  and 
corresponding  sizes/diaension3  of  focal  spot  aust  be  changed  in  the 
linits  froa  0.5x1.  0  ca  tc  5x5  cm. 


4.  Eaittance.  In  scae  experiaents  is  required  aaxiaua  intensity 
of  flow  and  are  peraitted  large  eaittances  (AQ>10  asr) .  In  other 
experiaents,  in  particular,  on  the  scattering,  the  divergence  of 
scattering  aust  be  >-10  arad  or  less. 


f  ; 


5.  Systea  aust  be  achromatic,  i.e.,  position  of  focal  spot  and 
angle  of  deflection  beaa  at  output  aust  not  depend  on  particle 
aoaentua. 


6.  Channel  aust  be  isochronal,  which  is  necessary  for 
retaining/preserving/aaintaining  tiae/teaporary  structure  of  beaa  of 
pi-  ae  sons. 


7.  Length  of  channel  aust  be  saall  in  order  to  decrease  to 
ainiaua  of  loss  of  intensity,  connected  with  decomposition/ decay  of 
pi-aesons  low  energy. 


3.  It  is  necessary  to  ensure  ainiaua  pollution /contamination  of 
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bean. 


The  obtained  sizes/ dimensions  of  focal  spot  and  the  flows  of 
pi-aesons  are  given  in  the  table. 


SHep^di 

Ap/ps  +  0,05% 

H 

R 

# 

hp/p  -+ 5% 

31-M630H0B 

AQ»10  MCTepaa 

20  Mcrepan 

1 15  MCTepaa 

: _ <3L- 

_Sil_ 

l_1L 

50  4,0.10 

100  1.9-107 

200  3.3.107 

l^MMep  (Jx>.  +1,5  CM 

Kyciioro  ,ioC 

+  125  Mpaa 

nfrrira  no  ro- 
puaoHranii 

C5) 

Pa3Mep  4>o—  +0,13  cm  « 
KycHoro  ^  40  £L 

njrrHa  no  —  r 

BepTHKAHH 


1.6-108  6.0-108 
7,3.108  2,7.10® 

1,3*10®  5,0-10® 

+.1,5  cm  +,  3,5  cm 
+,125  Mpaa  +115  Mpan 


+  1,0  CM™  +  3,4  CM/-~\ 

h)  xt; 

+  40  Mpanr  ±.45  Mpah-' 


Notes:  1.  Table  shows  the  flows  of  positive  pi-aesons  (s'*1)  in 
angle  of  45°  with  carbcnic/carbon  target  with  a  thickness  of  with  a 
of  3  ca.  2.  Sizes/di sens ions  of  focal  spots  are  calculated  with  an 
accuracy  to  corrections  cf  second  order  and  switch  on  95o/o  of  total 
intensity  of  bean  or  acre.  Since  the  existing  beans  of  pi-aesons  have 
an  intensity  in  the  limits  of  105-10*  s"’1,  the  intensity  of  aeson 
channel  is  the  suppleaentary  advantage' of  accelerator. 


Key:  (1).  Energy  of  pi-aesons.  (2).  asr.  (3).  Size/di aension  of  focal 
spot  on  horizontal.  (4).  arad.  (5).  Size/diaension  of  focal  spot  on 
vertical  line. 
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Pig,  10.  Sxperiaental  zoo*  k,  arraaged/located  along  bean  of  high 
intensity:  1  -  zona  of  thin  target;  2  -  channel  of  fast  p-iesons  (it 
is  planned/glided  in  future) ;  3  -  bean  of  pi-zesons  low  energy;  4  - 
channel  of  stagnation  pi-nesoas;  5  -  bean  of  rapid  pi-aesons  and 
channel  of  spectroaetry;  6  -  ionic  channel  of  general  purpose;  7  - 
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should  be  noted  that  ia  twenty  years  of  the  intense  investigations  of 
the  elastic  scattering  cf  picns  on  the  nucleons  it  is  not  yet 
obtained  the  only  system  of  phases,  describing  scattering  aaplitude. 
The  use  of  intense  beans  of  pi-mesons  in  conjunction  with  the 
polarized  targets  aust  provide  the  final  and  total  deteraination  of 
these  phases.  The  investigation  cf  reaction  w+p—n+V  and  reverse 
reaction  aust  ensure  checking  the  invariance  o£  electromagnetic 
interaction  relative  to  tine  reversal.  For  the  sore  detailed  study  of 
the  scattering  amplitudes  of  pi-sesons  on  the  nucleons  out  of  the 
nuclear  shells  were  proposed^* peciaents  in  the  aeasnreaent  of  the 
bremsstrahlung  of  pi-aesons.  Setention/preservation/aaintaining 
vector  current  (CVC)  occupies  central  position  in  the  conteaporary 
understanding  of  weak  interaction.  Based  on  this  hypothesis 
theoretical  calculations  of  the  speed  of  the  0-decay  of  pi-aeson 

3t*+e++«  give  the  value,  which  has  the  preci3ion/accuracy  of  higher 
than  one  percent.  The  aost  precise  experiaental  values  of  this  value 
are  today  deterained  with  error  7o/o.  The  aeasureaent  of  decay  rate 
for  the  freely  aoving/driving  mesons  on  the  alaost  parallel  aeson 
beaa  LA HP  of  high  intensity  (10*  particles  in  s)  will  ensure  the 
experiaental  check  of  this  prediction  of  the  theory  with 
precision/accuracy  ~1o/c. 

The  concept  of  the  partial  retention/preservation/aaintaining  of 


axial  current  (BSAS)  ,  connected  with  this  question,  at  present  has 
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important  value  from  the  point  of  view  of  the  analysis  of  the 
bremsstrahlung  of  pions  and  reaction  v+n-^r+ir+n  near  the  threshold. 

Is  here  involved  also  a  question  about  the  importance  of  the 
contribution  of  meson-  teson  s--  scattering  (final-state  interaction) 
to  the  reaction  of  the  generation  of  pions  near  the  threshold  and  far 
from  it. 

One  of  the  greatest  riddles  of  physics  of  elementary  particles 
is  seemingly  identity  cf  electron  and  p-mesoTlin  every  respect,  with 
exception  a  more  than  hundredfold  difference  between  masses  and 
nonidentities  of  muon  and  electronic  neutrino.  The  intense  flows  of 
muons  and  pions  which  will  be  obtained  on  LlflP,  will  make  possible  of 
the  precise  measurement  cf  the  properties  of  p-  mesons.  One  of  such 
experiments,  proposed  for  the  purpose  of  checking  the  degree  of  the 
resemblance  of  p-  mesons  and  electrons,  is  the  precise  measurement  of 
the  relationship/ratio  cf  the  probabilities  of  two  methods  of 
decomposing/decaying  the  pi-mesons  («r—  e+ «)/(*—  p+-o).  The  precise 
measurements  of  the  mass  of  muon  and  electronic  neutrino  also  can 
contribute  to  the  resolution  of  this  riddle. 

Special  experiments  on  iAdF  will  make  it  possible  to  obtain  an 


enormous  quantity  of  new  information  both  in  the  region  of  physics  of 
elementary  particles  and  in  the  region  of  nuclear  physics.  There  is  a 
confidence,  that  overcoming  the  ooundary  of  experimental 
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possibilities,  connected  with  tae  limited  intensity  of  beam,  during 
the  next  several  years  will  lead  to  many  unexpected  contingencies  and 
fundamental  discoverys/opanings. 

Besides  the  program  of  fundamental  studies  in  the  region  of 
physics  of  nucleus  and  elementary  particles,  outlined  for  LAMP,  is 
daveloped/processed  the  very  vast  and  intense  program  of  applied 
research  on  this  setting  up.  The  most  captivating  region  of  such 
investigations  is  the  use/applrcation  of  negative  pi-mesons  for  the 
radiotherapy  of  cancer/crab.  Tne  beam  of  negative  pi-mesons  possesses 
the  properties  which  make  it  from  a  contemporary  point  of  view  with 
almost  ideal  means  for  the  radiotherapy.  Because  of  a  small  mass  fast 
pion  creates  minimum  ionization  on  the  larger  part  of  its  path/range. 
However,  upon  decay  after  dead  lock  it  creates  several  heavy 
fragments  whose  considerable  energy  remains  localized  near  the  point 
of  their  f ormation/education.  This  makes  it  possible  to  reliably 
localize  large  radiation  dosages  on  the  swellings,  arranged/ located 
deeply  in  the  body  of  mas.  The  information  about  the  possibility  of 
using  the  intense  beams  of  negative  pions  for  the  radiotherapy  caused 
in  the  medical  circles  considerable  reanimation,  and  at  present  is 
conducted  the  active  development  of  the  program  of  the  clinical 
use/application  of  a  beam  of  negative  pi-mesons  LANF.  Are  intensely 
developed/processed  also  other  study  programs,  which  have  applied 
directionality,  in  particular,  the  investigation  of  radiation 
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daaages,  obtaining  isotopes  with  the  aid  of  the  beaas  of  the 
accelerated  particles,  obtaining  intense  neutron  beaas  for  the 
investigations  i:.  the  region  of  solid  state  physics  and  others. 

Tha  aore  detailed  description  of  the  prograas  of  the 
experxnental  studies,  planned/glided  on  LAS?,  in  which  it  is  possible 
to  find  f ull/total/coaplete  bibliography,  and  the  substantiation  of 
the  planned/glide  experiaents  is  published  earlier. 

General/coaaon/total  characteristics  LAHF. 

Energy  of  protons,  HeV  -  100-800. 

A*«rage/aean  beaa  current  on  target,  aA  -  1. 

Average/aean  power  of  beaa,  kH  -  800. 

Duty  factor,  o/o  -  6-12. 

Pulse  repetition  frequency,  s~l  -  120. 

Peak  beaa  current,  aA  -  17. 


Duration  of  pulse,  jjs  -  500-  1000. 
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Peak  HP  power,  -  S5. 

Average/aean  HP  power,  HW  -  3.3-5. 8. 

Operating  frequency  of  sections  of  the  type  of  Alvarez,  Mgts 
201.25. 

Operating  frequency  of  waveguide  sections,  HHz  -  805., 

The  overall  length  of  accelerator,  a  -  840. 

Total  required  power  in  operational  conditions,  MSI  -  35-55. 
Cost/value,  Billions  of  dollars  -  55. 

Predicted  duration  of  construction  -  4  years. 
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1^3.  New  accelerating  structure  on  a  */2-  wave  for  the  proton  linear 
accelerator  to  the  high  energies. 

V.  G.  AndrJev,  7.  M.  Pirczixen*o. 

(Badio  engineering  institute  of  the  AS  USSR). 

In  the  proton  linear  accelerators  by  the  energy  of  higher  than 
100-150  HeV  it  is  proposed  to  utilize  the  accelerating  structure  with 
alternating  accelerating  field  in  the  node/conditions  of  a  v/2-wave. 
In  the  Bode/conditions  «/2  -  the  wave  when  phase  displacenent  between 
electromagnetic  fields  in  the  adjacent  cells  of  structure  is  egual  to 
v/2*  accelerating  field  possesses  a  snail  sensitivity  to  errors  in 
the  production  and  bean  load.  This  is  caused  by  the  effect  of  the 
nutual  compensation  for  the  waves,  excited  in  the  structure  by 
heterogeneities  and  maximum  removal/distance  in  the  freguency  in  the 
freguency  of  working  from  the  adjacent  types  of  oscillations.  The  use 
of  alternating  accelerating  field  when  in  the  adjacent  accelerating 
gaps  fields  are  egual  in  magnitude,  but  they  are  opposite  on  the 
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sign,  it  nates  it  possible  to  most  economically  expend/consume 
high- frequency  power  for  accelerating  the  proton  bean. 

1.  Description  of  the  accelerating  structure  and  possible  versions  of 
its  construction/design. 

_  -4.-  .  ..«A 

Let  us  exanine  the  developed  in  BAIAM  of  the  USSB  structure  with 
alternating  accelerating  field  in  the  aode/conditions  o*'  a  v/2-wave. 
The  accelerating  structure  is  the  cylindrical  cavitj  >•<.  onator  with 
the  conducting  washers  and  the  drift  tubes,  loaded  into  middle  of  the 
gaps/intervals  between  the  washers  with  conducting  diaphragm  (Fig. 

1A)  .  The  conducting  washers  are  fastened  in  the  resonator  with  the 
aid  of  two  cr  more  metallic  rods,  parallel  to  axis/axle  and 
arranged/ located  in  the  rf  node.  Metallic  rods  are  utilized  also  in 
the  cooling  system  of  the  conducting  washers.  Por  this  purpose  within 
the  metallic  rods  and  the  washers  must  be  provided  for  the  channels, 
on  which  circulates  the  cooling  fluid.  The  use  of  through  metallic 
rods,  attached  only  on  the  bottoms  of  resonator,  is  inconvenient  on  a 
whole  series  of  reasons.  Actually/really,  at  the  large  length  of 
resonator  it  is  difficult  to  ensure  the  required  stable  position  of 
the  conducting  washers  in  the  resonator  with  the  diameter  of  metallic 
rods  20- ■>0  mm  (at  frequency  -1000  of  SHz  the  diameter  of  rods  of  more 
than  30  an  is  undesirable  due  to  the  large  losses  in  them).  In  the 
resonator  of  this  construction/design  it  is  difficult  to  also  ensure 
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the  heat  reaoval  froa  the  conducting  vashers. 


The  hardness  of  the  attach sent  of  the  conducting  vashers  in  the 
resonator  can  be  iaproved  due  to  the  introduction  of  the  cross 
connections  between  the  rods  and  the  diaphragas  (Fig.  1b) .  Cross 
connections  are  located  radially  and  are  located  in  the  plane , 
passing  through  the  aiddle  of  the  corresponding  diaphraga.  aithin 
each  cross  connection  is  provided  for  the  coolant  passage.  The 
resonator  of  this  constroction/desxgn  can  be  asseabled  froa  the 
separate  aoduli /nodules  each  of  vhich  encov passes  washer  together 
with  the  relating  to  it  diaphraga,  the  rods,  the  cross  connections 
and  the  cut  of  cylider  (Fig.  1b) •  The  aetallic  rods  of  two  adjacent 
aoduli/aodules  are  connected  with  the  aid  of  the  clasps,  providing 
only  electrical  contact,  since  coolant  passage  within  the  adjacent 
rods  can  be  excluded  without  the  danage  to  the  cooling  systea  of 
washers.  In  the  resonator  of  this  construction/ design  it  is  possible 
to  utilize  aetallic  rods  of  swaller  disaster  (12-15  aa  at  frequency 
-1000  of  BBz)  vhich  will  aake  it  possible  to  raise  the  effectiveness 
of  the  use  of  high-freguency  power  for  accelerating  the 
charged/loaded  particles  due  to  the  decrease  of  losses  on  the  surface 


of  aetallic  rods. 
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Construction/design  and  technology  of  the  production  of  resonator 
even  aore  vill  be  simplified,  if  we  exclude  the  cuts  of  aetallic  rods 
without  the  coolant  passage  (fig.  1c) ;  in  this  case  are  eliainated 
claap  connections,  and  the  surface  of  aetallic  rods  (with  the 
peraanent  diaaeter)  decreases  doubly. 

2.  Deteraination  of  the  geoaetry  of  the  accelerating  structure. 

Greatly  frequently  under  the  dispersion  foraula  is  understood 
the  dependence  of  resonance  frequency  of  the  excited  in  the 
accelerating  wave  structure  on  a  nuaber  of  variations  in  field  along 
the  sequence  of  cells  or  on  the  phase  angle  of  electroaagnetic  field 
to  one  cell  9.  In  the  accelerating  structure  froa  the  unifora  cells 
the  dispersion  foraula  in  the  region  w/2  -  wave  is  virtually  linear 
and  syaaetrical,  i.e.,  each  pair  of  the  oscillations,  adjacent  with 
w/2-  wave  and  which  differ  froa  it  in  a  nuaber  of  variations  in  the 
field  to  one  and  the  saae  nuaber,  equidistant  in  the  frequency  froa 
w/2-  wave.  Dispersion  foraula  for  the  structure  being  investigated  in 
the  fora  of  the  chain/netwoch  of  the  connected  cells  of  two  types 
(cell  in  the  near-axial  region  -  space  between  two  adjacent  washers, 
and  cell  on  the  periphery  -  space  between  two  adjacent  diapbragas)  is 
very  coaplicated,  since  it  consists  of  two  branches  one  of  which 
relates  to  the  resonator  with  the  conducting  washers,  and  the  second 
-  to  the  resonator  with  the  diapbragas.  On  the  basis  of  the  theory  of 
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elect roaagnetic  field,  it  is  possible  to  shoe  that  for  agreeing  these 
two  branches  into  the  overall  dispersion  formula,  the  linear  and  the 
symmetrical  in  the  region  of  */2-vave,  it  is  necessary  to  tone  for 
the  operating  frequency  the  sections  of  two  types  (see  Pig.  2a  and  b) 
during  their  excitation  in  the  aode/conditioas  »/2  -wave  on  the 
transverse  aagnetic  oscillations  with  the  axial  syaaetry.  The 
calculated  structure  of  electro aagnetic  fields  for  these  oscillations 
is  also  given  in  Fig.  2a, b. 

The  calculation  of  the  geometric  dimensions  of  resonator 
and  B  was  carried  out  cn  tne  computers  in  the  following  sequence:  1) 
with  certain  initial  radius  of  resonator  B  froa  the  calculation  of 
section  with  the  washer  (Fig.  2a)  is  deterained  a  radius  of  washer; 

2)  froa  the  calculation  of  section  with  the  diaphraga  (Pig.  2b)  is 
deterained  a  radius  of  resonator  a;  3)  again  are  repeated 
operations/processes  on  parts  1.  and  2.  Radius  B  weakly  affects  the 
resonance  frequency  of  section  with  the  washer,  while  radius  for 

the  resonance  frequency  cf  section  with  the  diaphraga.  Therefore  this 
process  of  successive  appcoxiaations  converges  already  in  the  second 
or  third  approxiaaticn/approach.  The  reaaining  sizes/diaensions  of 
resonator  are  selected  on  the  basis  of  the  dynaaics  of  beaa, 
econoaical  use  of  high-freguency  power,  dielectric  strength  of 
accelerating  gap  and  design  specifications. 
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Fig*. 2.  Sections  of  resonator  and  field  distribution  in  then. 

Page  152. . 

The  optinon  value  of  gap  between  the  drift  tabes,  with  which 
high- frequency  power  is  expends d/consuied  nost  economically,  it  is 
brought  in  Fig.  3a  in  the  fora  of  the  dependence  of  the  coefficient 
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of  clearance  <x7»5,/h  on  0.  The  diaaeter  of  opening/a  pert  are  in  the 
diaphragas  is  lower  than  she  diaaeter  of  washers,  since  otherwise 
appears  the  second  branch  ox  dispersive  characteristic  *  0.2 

ca} .  thickness  of  the  diaphcagas  with  saall  ones  0  weakly  affects 
high* frequency  losses  in  the  resonator;  with  0>O.6  are  optiaoa  values 
of  the  thickness  of  diaphraga,  with  which  high-frequency  losses  are 
ainiaua.  These  values  are  shown  in  Fig.  3b  depending  on  0.  Fig.  3c 
and  3d  gives  the  values  of  a  radius  of  washer  To  and  radius  of 
resonator  B  for  the  optiaua  values  of  the  accelerating  clearance  and 
thickness  of  diaphraga  and  frequency  of  1000  BBz. . During  the 
calculation  was  considered  the  effect  of  two  rods  with  a  diaaeter  of 
2  ca,  which  rest  on  the  diaphragas  (Fig.  1c). 

3.  Radio  engineering  paraaeters  of  the  accelerating  structure. 

Computed  values  of  effective  shunt  resistance  zt3  and  Q~f actor 
of  resonators  at  the  frequency  of  1000  BBz  are  given  in  Fig.  4.  The 
basic  fraction/portion  of  nigh-frequency  losses  falls  to  the  washers 
(froa  85o/o  with  0=0.4  to  54o/o  with  0=1).  Bigh-freguency  losses  can 
be  sonewhat  lowered,  if  we  to  drift  tube  give  conical  shape. 

Fig.  5  gives  dispersion  foraula  for  the  resonators,  in  which  the 
washers  are  attached  with  tne  aid  of  two  through  netallic  rods, 
placed  in  the  rf  node  and  which  do  not  rest  cn  diaphraga  (curve  1) , 
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or  which  rest  on  the  disparages  (curve  2).  Proa  the  represented 
dependences  it  is  evident  tnat  the  dispersion  formula  for  these 
resonators  in  the  region  of  »/2-wave  is  virtually  linear  and 
symmetrical.  Coupling  coefficient  K,  which  describes  removal/distance 
in  the  frequency  of  an  Q-wave  from  r-  wave,  composes  in  this  case 
K=  (51-53)  o/o. 
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Fig.  3.  Geometric  dimensions  or  resonator  (a  -  2  cm;  c  -  2.7  cm; 

<x) 

2h-2B=l  cm)  in  the  function  j3:  A)  the  coefficient  of  clearance;  b) 
the  thickness  of  diaphragm;  c)  a  radios  of  washer;  d)  a  radios  of 
resonator. 
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Fig.  4.  Effective  shunt  resistance  (a)  and  guality  (b)  of  resonator 
(a=2  cm;  c=2.7  cm;  2h  -  2b=1  cm). 

Key:  (1).  Mohm/m. 
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For  the  resonator  with  the  washers,  attached  on  the  diaphragms  (Fig. 
)c) ,  the  dispersion  dependence  (Fig.  5  carve  3)  has  a  gap  in  the 
region  of  #/2-wave,  and  electrical  field  on  the  axis  proves  to  be 
that  decreasing  in  proportion  to  a pproxiaati on/approach  to  that 
bottom  of  the  resonator  where  is  fastened  washer.  Thus,  for  the 
resonator  of  this  construction/design  the  procedure  of  the 
determination  of  geometry  witn  the  aid  of  two  separate  sections  (Fig. 
2a  and  b)  needs  refinement. 

Discussion. 

A.  I.  Zykov.  Bhich  the  quality  of  resonator? 

7.  n.  Pirozhenko.  20-30  thousand. 

B.  P.  Burin.  Could  not  you  give  comparative  characteristics  of  the 
investigated  by  you  resonators  for  the  range  of  energies  of  more  than 
100  BeV  with  the  parameters  of  the  resonators,  used  in  Los  Alamos 
linear  Accelerators. 

7.  a.  Pirozhenko.  Structure  with  the  conducting  washers  and  the 
diaphragms  possesses  considerably  larger  coupling  coefficient; 
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therefore  resonators  can  oe  made  longer  (approxiaately/oxeaplarily  10 
tiaes).  Shunt  resistance  of  chis  structure  by  approxiaately  5o/o  le*s 
than  remaining  having  in  aind  structures*  in  which  it  is 
approxiaately/exeaplar ily  equal.  Structure  with  the  circular 
resonators  is  simpler  tecnnologically  and  aakes  it  possible  to  obtain 
2  tiaes  higher  coupling  coefficient. 

I.  S.  Sidorenko.  How  is  explained  an  increase  in  the  quality 
with  an  increase  in  the  relative  velocity  of  part?  3y  smaller 
quantity  of  washers  or  by  soaetning  other? 

v.  a.  Pirozhenko.  les*  in  the  save  stored  energy  high  velocities 
correspond  saaller  losses*  sii.ee  in  this  case  nore  rarely  stand 
washers. 
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134.  Study  of  the  radio  engineering  characteristics  of  the  stabilized 
accelerating  structures  vita  one  standing  wave. 

V.  G.  Kuhlaann,  7.  a.  Eirozhenko,  7.  B.  Chistcv. 

(Radio  engineering  institute  of  the  AS  USSR). 

Recently  in  the  linear  accelerators  of  protons  are  applied  the 
accelerating  structures  in  which  the  resonance  frequency  of  working 
oscillation  it  is  arranged/ located  in  the  niddle  part  of  the 
dispersive  characteristic.  Such  structures  possess  the  high  stability 
of  accelerating  field.  Are  given  below  soie  results  of  the 
theoretical  and  experiaental  investigations  of  the  basic  paraneters 
and  properties  of  the  stabilized  structures. 

1.  Conditions  of  the  stabilization  of  field  distribution. 

In  the  long  resonators  the  distortions  of  aaplitudes  and  phase 
of  field  along  the  resonator  occur  due  to  the  adeiztura  to  the 
working  oscillation  field  coaponent  of  adjacent  with  thee 
oscillations.  Applying  perturbation  aethod,  it  is  possible  to  obtain 
the  following  expression  for  the  nonuniforaity  of  the  aaplitude  of 
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accelerating  field  in  steady  state  during  the  distortion  of  the 
voluae  of  resonator  to  value  Av: 


Ae  — S  e. 


*  n 


f  (vWen‘Odv 

&v 


P  -  P 
rn  3  \ 


I  Hn 


’  ( 1  ] 


dv 


where  8n  and  Nn-  the  electrical  and  aagnetic  fields  of  working 
oscillation  with  frequency  v»  and  H\>~  the  field  of  adjacent 
oscillations  with  frequencies  V’  v~  the  voluae  of  resonator. 


The  decrease  of  the  field  nonuniforaity  is  achieved  by  an 
increase  in  the  difference  in  rhe  frequencies  between  the  working  and 
adjacent  oscillations.  Eurtaeraore,  if  adjacent  oscillations  have 
frequencies,  arranged/ located  on  noth  sides  froa  the  operating 
frequency,  then  their  effect  on  accelerating  field  can  average  out. 
For  the  full/total/couplete  coapensation  during  the 
disturbance/perturbation  in  the  arbitrary  place  of  resonator,  as  it 
follows  froa  foraula  (1),  is  necessary  satisfaction  of  two 
conditions: 

a)  frequencies  of  adjacent  aust  be  syaaetrical  relative  to 
operating  frequency 

I  * 

b)  Field  coaponent  cf  adjacent  oscillations  aust  be  identical 

“ Hw»  *  e')a)- 
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Strictly  speaking,  condition  b)  never  is  satisfied  accurately, 
since  for  different  oscillations  always  there  is  a  region  in  the 
resonator  where  Pield  ccaponent  are  different.  In  the  structures, 
which  consist  of  the  connected  cells  and  the  workers  on  the  standing 
»/2-  ware  (for  exaaple,  in  the  structure  with  the  circular  resonators 
of  connection/coanunication) ,  field  coaponent  of  nonoperative 
oscillations  they  differ  only  near  the  coupling  eleaents.  Therefore 
the  field  nonuni foraity  in  such  structures  is  caused,  in  essence,  by 
difference  in  the  coupling  coefficient  between  the  cells  and  weakly 
it  depends  on  errors  in  the  adjustaent  of  cells. 


In  the  resonators,  which  work  on  an  o-  wave  (of  Alvarez's  type) 
SOS  by  the  tabulating  resonance  rods,  field  coaponent  of  adjacent 
oscillations,  as  it  will  be  shown  below,  can  substantially  differ.  In 
this  case  the  best  stabilization  can  be  achieved/reached  during  their 
partial  conpensation  as  a  result  of  a  coaproaise  between  conditions 
a)  and  b)  • 

Page  154. 

2.  Paraaiters  of  structures  with  the  circular  resonators  of 
connection/coaaunicaticn. 
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Proa  a  nuaber  of  staoilized  structures  for  accelerating 
high-energy  in  the  region  protons  (0=0, 4-1.  8)  by  us  was  investigated 
the  structure  with  the  circular  resonators  of 

connection/coaaunicaticn  (Fig.  U) ,  which  works  on  standing  v/2-  wave 
( 1  ].  Computed  values  of  effective  shunt  resistance  of  structure  ZT2 
in  this  range  of  energies  at  the  frequency  of  1000  bhz  and  diaaeter 
of  aperture  4  ca  compose  26-52  flcha/a.  Experiaent  showed  that  with 
the  coupling. coefficient  between  cells  K=5-10o/o  real  values  2T1  for 
2Q-25o/o  lower  than  calculated  ones  due  to  the  additional  losses, 
caused  by  the  state  of  the  conducting  surfaces  and  by  the  presence  of 
coupling  eleaents. 


Pig.  2a  gives  dispersive  characteristics  of  one  of  the  aodels  of 


resonator  in  the  process  or  adjustnent  (curve  1) ,  also,  after  the 
taraination  of  adjustaent  (curve  2).  The  presence  of  the  band  of 
opacity  M-H  decreases  the  degree  of  the  autual  compensation  for 
nonoperative  oscillations.  The  value  of  the  nonunif oraity  of  the 
aaplitude  of  field  in  the  i-th  accelerating  cell  is  determined  in 
this  case  by  the  relationship/ratio 


where  H  -  nuaber  of  cells  in  the  resonator; 


pv-  generally  accepted 


"**V  -'ilyvT  "  s  - 
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coefficients  of  the  expansion  of  "local"  frequency  in  the  Fourier 
series. 


Errors  in  the  adjustaent  of  the  cells  of  resonator  lead  to  tha 
appearance  of  a  field  in  tha  calls  of  connection/coaeunication,  which 
causes  a  reduction  in  effective  shunt  resistance  of  resonator  to 
value 


where  0^  and  Q<***  quality,  of  the  accelerating  cells  and  cells  of 
connection/coenunication  respectively. 

Proa  the  calculations  and  the  analysis  of  experiaental  data  it 
follows  that  in  the  resonators  uitb  the  coupling  coefficient  of 
approxinately  lOo/o,  which  contain  on  the  order  of  100  accelerating 
cells,  are  required  comparatively  light  allowances  for  production  and 
adjustaent  of  cells  (-0. 02-0.05o/o  in  the  freguency) . 

Fig.  3  shows  the  disaountahle  aodel  of  the  section  of  the 
resonator  of  working  at  the  frequency  1000  HB*. 

The  autual  coapensation  for  adjacent  oscillations  can  occur  also 
with  the  work  at  other  points  of  dispersive  characteristic.  Fig.  1b 
shows  the  accelerating  structure  with  the  circular  resonators  of 
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connection/coaaunicaticn,  intended  for  the  wort  on  the  the  standing 
2r/3  -  to  wave,  while  in  Fig.  26  -  its  dispersive  characteristic, 
measured  on  the  model  of  resonator.  This  structure  is  of  interest 
because  of  a  smaller  number  of  cells  of  connection/coia unication, 
what  is  important  struct ural/dasign  advantage,  especially  in  the 
region  of  comparatively  low  energies. 
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Pig.  T.  Of  accelerating  structures  with  the  circular  resonators 
connections/coaaunicatians  wita  */2-  stinJc  (a)  and  2»/3  -  to  ware 
(b ) ;  1  -  accelerating  cells;  2  -  cell  of  connection/conaunication;  3 
-  window  of  connection/coaounication. 
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Fig.  2.  Experimental  dispar si va  characteristics  of  accelerating 
structures  with  circular  resonators  connection/coaaunication  a)  with 
wort  on  t/2  -  to  wave;  b)  wita  wot*  on  2#/3  -  to  wave. 

Page  155. 

3.  On  the  stabilization  of  field  in  the  resonator  with  the  aid  of  the 
resonance  rods. 

Lst  us  exaaine  the  operating  principle  of  resonance  rods  based 
on  staple  exaaple.  let  into  aidure  of  resonator  be  introduced  one  rod 
froa  the  cylindrical  wall  perpendicular  to  axis/axle.  In  Fig.  4  solid 
lines  showed  the  coarse  of  the  natural  frequencies  of  oscillation  of 
the  resonator  of  the  type  tm01^  and  the  oscillation  of  a  rod  TS, 
which  in  the  first  apprcxiaaticn,  can  be  considered  as  four-wave 
vibrator. 

During  the  introd action  of  the  rod  between  oscillations  TS  and 
TH o 1 1  appears  intertype  connecrica/comaunication,  in  consequence  of 
which  tuning  curves  these  oscillations  differ  froa  initial  course  and 
do  not  intersect,  but  saoothly  they  convert /transfer  into  each  other 
[2]  (dotted  lines  in  Fig.  4).  Between  oscillations  TBoto  and  TS 
intertype  connection /co a aunicat ion  is  absent.  In  the  interaction 
region  the  newly  foraed  vibrations  are  hybrid.  The  field  of 
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each  of  then  is  the  sun  of  the  fields  of  oscillations  TH01l  and  TS, 
the  relationship/ratio  between  which  depends  on  the  position  of 
operating  point  in  the  tuning  curve,  ihen  8  =  eo  the  fields  of 
hybrid  oscillations  have  approximately  identical  structure;  however 
their  resonance  frequencies  are  asyaaetric  relative  to  frequency 
TM0i3-  Consequently,  siaultaneous  satisfaction  of  the  conditions  a) 
and  b)  aentioned  above  is  iapossible. 
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Fig.  3.  Hodel  of  accelerating  structures  with  tha  circular  rasonators 
connection/coaaunicaticn. 


V\/  ♦ 


'/  lo 


ll  1 


4.  Tuning  characterise xcs  of  resonator  with  rod. 
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Fig.  5.  Experimental  tuning  characteristics  (a)  and  dispersion 

formula  (b)  of  resonator  vita  the  rods. 

Key:  (1).  3Hz. 

Page  156. 

The  degree  of  the  compensation  for  nonoperatire  oscillations 
depends  on  the  following  factors,  with  an  increase  in  the  length  of 
resonator  oscillation  Ti!0V1  arr-oaches  oscillation  TH0I0  and  is 
improved  the  synmetry  cf  t;».a  iteguencies  of  the  nonoperative  of 
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relatively  working.  An  improvement  in  the  syaaetry  of  frequencies  of 
the  nonoperative  occurs  also  with  an  increase  of  the  quantity  of  rods 
in  the  resonator,  since  in  this  case  is  aaplified  interaction  between 
oscillations  TS  and  TM0»»  (curves  3  and  4)  and  increases  the 
divergence  of  frequencies  or  the  hybrid  froa  the  natural  frequencies. 

The  analogous  phenoaena  occur  also  with  ether  oscillations  of  the 
type  TMu,r 

i 

The  behavior  of  tuning  curves  was  investigated  on  the  aodels  of 
resonator  in  which  it  was  simultaneously  introduced  13  rods.  Fig.  5a 
gives  experimental  tuning  curves  for  several  lowest  oscillations, 
with  &  -  iiG  aa  is  satisfied  the  condition  of  the  syaaetry  of 
nonoperative  oscillations  (condition  a) ,  see  above)  ;  however,  the 
structure  of  the  fields  of  these  oscillations  is  different  (is  not 
satisfied  the  condition  b).  Vita  2=  108  an  is  satisfied  the 

condition  b) ,  but  is  not  satisfied  the  condition  a),  measure  aents 
showed  that  the  best  stabilizat ion  is  achieved  at  B-  112  aa.  The 
corresponding  dispersive  characteristic  is  given  in  Fig.  5b.  The 
aodel  of  resonator  is  shown  in  Fig.  6. 

For  an  improvement  in  interaction  with  any  of  the  oscillations 
of  the  type  tmm^  rods  it  is  necessary  to  arrange/locate  in 
antinodes  [loops]  of  field  of  this  oscillation.  Based  on  this, 

it  is  possible  to  deteraine  the  optiaua  location  of  rods,  which 
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ensures  the  coapensaticn  tor  a  aaxiaua  nuaber  of  haraonics,  in  the 
structure  with  the  rods  c £  ccnnection/coaaunication,  located  in  the 
center-line  plane,  perpendicular  to  the  rods  of  drift  tubes  when  a 
number  of  rods  is  lower  than  tne  nuaber  of  drift  tubes. 
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135.  Experiments  of  the  coapensation  for  decreases  in  accelerating 
field  in  the  injector  cf  Serpukhov  synchrotron  upon  the  acceleration 
of  intense  beans. 

A.  I.  Kvash,  A.  7.  Hishenko,  3.  r.  Jiurin,  B.  I.  Polyakov,  Yu.  S. 
Cherkashin. 

(Radio  engineering  institute  of  the  AS  OSSR). 

For  the  purpose  of  preparation  for  experiments  on  the 
three-raver' injection  on  the  accelerator  I- 100  -  the  injector  of 
Serpukhov  synchrotron  [ 1  ]  were  tested  the  systems  of  the  compensation 
for  decreases  high-freguency  in  the  field  upon  the  acceleration  of 
proton  beams  with  the  current  to  100  mA  in  the  iapulse/aoaentum/pulse 
by  duration  to  40  jjs.  Experiments  were  conducted  to  1  and  partially 
on  the  III  resonators  of  accelerator,  moreover  on  1  resonator  vere 
established/inst ailed  two  in  parallel  working  terminal  amplifiers 
(00) .  Are  given  below  short  description  and  basic  results  of 
experiments. 

The  coapensation  for  decreases  in  accelerating  field  at  the  beam 


T,fvir-  "* 
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load  was  achieved  by  an  increase  in  the  power  at  the  output  of 
terminal  amplifiers  at  the  moment  of  acceleration  automatically  or  in 
the  program  due  to  regulating  of  tae  anode  voltage  of  terminal 
amplifiers  or  combined  regulating  of  their  anode  voltage  and 
excitation.  Pield  control  was  conducted  by  a  change  in  the  anode 
voltage  of  powerf ul/thicic  exciter.  In  some  experiments  as  the 
actuating  element  of  control  system  was  utilized  shunting  lamp  [2]  in 

( 

others  -  supplementary  modulator.  Shunting  output  of  modulator  lamp  ' 
GI-27A  was  controlled  cn  the  grid  and  it  made  it  possible  to  change 
voltage  on  the  anodes  of  terminal  amplifiers  from  20  to  37  kV- 
Control  of  anode  lamp  was  accomplished/realized  both  according  to  the 
program  and  in  the  diagram  of  automatic  regulating. 

Supplementary  modulator  is  carried  out  on  the  diagram  with  the 
forming  line  and  the  thyristor  discharger  analogous  to  basic 
modulator  [3].  The  duration  of  its  pulse  is  equal  to  the  duration  of 
the  current  pulse  of  beam,  and  the  output  of  supplementary  modulator 
is  included  parralel  with  base.  The  presence  of  the  considerable 
leakage  inductance  of  the  peak  transformer  of  basic  modulator 
prevents  closing/short  in  g  short  supplementary  impulse/momentum/pul* -> 
by  output  circuit  of  basic  modulator,  and  is  consistently  with  the 
output  of  supplementary  modulator  connected  diode  key/wrench.  Upon 
the  inclusion/connecticn  or  supplementary  modulator  occurs  the 
addition  of  the  powers  of  basic  and  supplementary  modulator  on  the 
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anodes  of  terainal  aaplifiers  according  to  predeterained  prograa. 

a)  the  prograa  regulating  of  anode  voltage  00. 

The  prograa  regulating  of  anode  voltage  00  was  conducted  with 
the  aid  of  the  shunting  laap  or  with  the  aid  of  the  suppleaentary 
aodulator.  In  both  cases  are  obtained  close  results.  The 
osciilograas,  which  characterise  the  work  of  the  systea  of  prograa 
regulating,  are  given  in  Pig.  1. 
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Pig.  1.  Characteristic  csciilograas  in  the  presence  of  prograa 
regulating  (a)  and  without  it  (0);  1  beaa  -  anode  voltage;  IX  - 
ray/beaa  -  apex/vertex  of  envelope  HP  in  the  resonator;  the  III 
ray/beaa  -  beaa  current. 


Table  1 
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Key:  (1).  Operating  woda.  (2).  Parameters.  (3).  inode  voltage,  kv. 
(4).  inode  currents,  A.  (5).  Cathode  currents,  A.  (6).  Field  slope, 
o/o.  (7).  Decrease  in  current  pulse  of  bean,  o/o.  (8).  Before 
compensation.  (9).  it  moment  of  ccapensation. 


Page  158. 


Proa  the  comparison  of  Pig.  IflLand  b  it  is  evident  that  the  anode 
voltage  on  the  laaps  00  grows  at  the  aoaent  of  acceleration  more  than 
1.5  tiaes.  In  this  case  a  field  slope  at  the  aoaent  of  acceleration 
decreases  alaost  to  zero,  and  the  amplitude  of  beaa  current 
grows/rises  by  30-40o/o.  The  nonuniforaity  of  the  pulse  apex  of  beaa 
current  decreases  aore  than  triply.  The  basic  parameters  of  the 
aode/conditions  of  terminal  amplifiers  before  the  compensation  and  at 

7  flX) 

the  aoaent  of  compensation  are  given  in  table  1.  jfpjr  the  automatic 
regulating  of  anode  voltage  OU. 
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Automatic  regulating  anode  voltage  00  was  conducted  with  the  aid 
of  the  shunting  laap.  Fox  the  control  of  laap  vas  utilized  the 
difference  signal  between  the  envelope  HP  voltage  in  the  resonator 
and  the  reference  voltage-,  for  eliainating  the  effect  of  the  1st 
overtone  of  resonator  the  voltage  from  the  resonator  vas 
reaoved/taken  with  the  aid  of  two  loops,  arranged/located  in  the 
beginning  and  end/lead  of  the  resonator  respectively.  After  detection 
the  signals  froa  the  loops  entered  adding  circuit,  and  the  resulting 
signal  after  coaparison  with  tne  standard  and  necessary  amplification 
was  supplied  to  the  grid  of  tne  shunting  tube.  In  this  case  the 
effect  of  first  and  some  higher  overtones  of  resonator  substantially 
vas  veakened/attanuated.  The  characteristic  oscillograas,  obtained 
with  the  work  of  this  systea,  are  given  in  Fig.  2.  In  this  case  a 
field  slope  with  the  beam  load  with  the  current  80  aA  in  the 
iapulse/aoaentua/pulse  by  the  duration  of  40  ps  decreased  3-4  tiaes- 
Aaplitude  and  fora  of  the  current  pulse  of  beaa  noticeably  were 
improved  as  in  the  preceding  case.  The  basic  parameters  of  the 
aode/conditions  of  terminal  amplifiers  to  and  at  the  aoaent  of 
coapensation  are  given  in 'Tables  2. 

c)  the  combined  regulating  of  anode  voltage  and  excitation  of  ou 


according  to  the  prograi 
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Characteristic  for  this  case  oscillograms  are  given  in  Fig.  3. 

In  this  case  are  obtained  approxiaately/exemplarily  also  the  results, 
as  in  preceding/previous.  However,  here  for  achievement  of  the 
full/total/coaplete  coapensaticn  for  field  slopes  was  required  a 
somewhat  smaller  change  in  the  anode  voltage  of  00.  The  basic 
parameters  of  the  mode /conditions  HP  generators  to  and  at  the  moment 
of  compensation  are  given  in  Tania  3.  The  measured  total  quantity  of 
phase  disturbances/perturbations  in  experiments  did  not  exceed  2°. 

Concl usion/output. 

In  experiments  conducted  is  obtained  the  satisfactory 
compensation  for  decreases  in  accelerating  field  upon  the 
acceleration  of  beam.  Idle  phase  disturbances/perturbations  with  the 
wort  of  stabilization  systems  are  negligible.  The  introduction  to  the 
compensation  for  field  slopes  in  all  cases  noticeably  improved  the 
fora  of  the  current  pulse  c f  beam  at  output  of  resonator. 
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Fig.  2.  Characteristic  oscillograas  ia  the  presence  of  aatoaatic 
control  (a)  and  without  it  (b) :  1  -  beaa-  anode  voltage;  the  II 
ray/beaa  -  cathode  current  of  laap  of  OU;  the  III  ray/beaa  -  ano 
currant:  the  I?  ray/beaa  -  apex/vertex  of  envelope  of  HF  in  the 
resonator;  0  -  beaa  current. 


Table  2 
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Kay:  (1).  operating  node.  (2).  Parameters.  (3).  Anode  roltage,  kv. 


(4).  Anode  current,  A.  (5).  cathode  current,  A.  (6).  Field  slope. 


o/o.  (7) .  Decrease  in  current  pulse  of  bean,  o/o.  (8) .  3efore 


compensation.  (9).  At  ncnent  of  conpensation. 


1 
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I  ray/beai  -  anode  voltage;  II  and  III  rays/baaes  -  anode 
currents  00;  17  -  apex/ vertex  o t  envelope  H?  in  resonator;  7  ray/beae 
-  beae  current. 


Table  3 
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Key:  (1).  operating  aod«.  (2).  Parameters.  (3).  Inode  voltage,  Jc7. 
(4).  Anode  currents,  A.  (5).  Cathode  currents,  A.  (6).  Field  slope, 
o/o.  (7) .  Before  compensation.  (3) .  At  moment  of  compensation. 


DOC  =  30069312 


PAGE 


136.  Optimization  of  the  initial  part  of  the  linaar  waveguide 
accel orator. 

7.  N.  Petrov,  S.  I.  Radin,  A.  V.  Ryabtsov,  Tu.  A.  Svistunov. 

(Scientific  research  the  institute  of  the  elect roph ysical  equipaent 
in.  D.  7.  Efremov)  . 

D.  A.  Ovsyannikov. 

(Leningrad  state  university  im.  A.  A.  Zhdanov) . 

The  parameters  of  beaa  at  output  LOE  in  aany  respects  are 
deterainad  by  the  initial  part  of  the  accelerator.  Depending  on  the 
requirements,  imposed  cn  the  oeam  on  the  target,  must  be  foraulated 
the  requirements  for  the  parameters  of  initial  part  of  LOE.  It  is 
almost  always  importan  to  have  at  the  output  of  LOE  a  beam  of  part 
with  the  narrow  energy  spectrum.  At  the  same  time  in  the  case  of 
high-energys  accelerator  (LUE  on  2  Ge?  in  Kharkov,  SLAC)  waveguide 
buncher  must  provide  the  minimum  phase  width  of  cluster;  in  the  case 
of  accelerators  to  low  energies  (3-5  neT)  -  the  minimum  of  energy 
spread  in  part  in  the  cluster.  In  medium-energys  accelerator  it  is 
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iaportant  to  niniaize  both  these  values.  Questions  of  the 
optinization  of  the  paraaeters  of  waveguide  buncher  were  exaained  in 
works  [1-3].  However,  in  this  case  discussion  dealt  with  the 
selection  of  the  optinua  laws  of  change  along  the  length  of  the 
accelerator  of  the  voltage  of  field  and  phase  wave  velocity 

in  waveguide  froa  the  narrow  class  of  curves. 


Page  160. 


In  the  present  work  the  class  of  peraissible  curves  *{-J)  and  j^i*) 
(subseguently  we  will  call  their  controls)  consists  of  the 
piecewise-continuous  functions,  included  in  the  rectangle 

0  i  OQ  . 


Mathematically  task  is  foceulated  as  follovs.  The  equations, 
which  describe  longitudinal  electron  notion  in  the  accelerator,  take 
the  forns 

du™  ,  .  . 

—  --  a(z)sm<pm»  gm(t), 


dtf  m 

dz 


*  2jT 


(2) 


where  a=1,2,...  ,H,  H  -  nunber  of  particles  which  by  hypothesis 
deter nine  the  notion  of  clastnr  as  a  whole.  Besaining  designations 
are  obvious  or  universal.  Variable/alternating  and  satisfy 

the  initial  conditions 

Um|a.0“umo-  <3) 
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From  the  aentioned  class  or  curves  it  is  necessary  to  select  such 
controls  a  and  in  cruer  to  ensure  the  winiaua  of  the  functional 

p^Ps-Efe-1)2*8  £(*r5)\  {4) 

where  a-  total  energy  in  the  energy  unit3  of  rest  to  which  it  is 
necessary  to  accelerate  particles,  at  the  fixed/recorded  length  of 
the  initial  part  of  the  accelerator. 


t 


The  search  of  optiaua  controls  a  and  P*  was 
accoaplished/realized  by  several  aethods.  The  aothod  of  gradient, 
used  to  the  problea,  stated  aoove,  leads  to  the  following  foraulas 
for  the  correction  of  controls  a  and  in  the  s  stage  of  step-type 

descent  [  4  ]: 


a  l») 

*♦<  (*)  a« 

a  (z)  =  a  (2)  ♦  —  A<5, 
,  a 

(*»i)  i*).  ,  Op* 


where 


step/pitch  of  descent. 


(5) 


3  oc 

w 


-[p].-£*»w 

m-f 


(6) 


3(3 
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and  functions  ,  n>m4.„(a)  are  determined  fro»  the  decisions  of 

the  system  of  equations,  con jugatad/combined  with  respect  to  system 
(2)  .  Interconnected  circuit,  is  closely  related  vith  the  equations  for 
variations  8um  and  and  therafore  gradient  method  gives  extreme 

controls  near  some  initial  and  knowingly  non-optimal  controls* 

Osually  as  the  initial  ones  were  taken  <*(*)  and  P$l4).  those  used  in 
the  calcnlations  of  the  already  existing  accelerators.  Despite  the 
fact  that  the  extreme  values  a  and  £><>  differed  after  several 
steps/pitches  of  gradient  descent  at  the  appropriate  points  from 
initial  ones  only  by  several  percentages  along  a  and  the  decrease 
of  functional  and  an  improvement  in  the  characteristics  of  beam  was 
essential.  Por  example,  during  the  minimization  of  functional  P2  the 
phase  width  of  cluster  &<?  decreased  1.5-2  times  during  a 
simultaneous  improvement  in  the  energy  spectrum. 

The  best  results  were  obtained  daring  the  consecutive 
use/application  of  a  method  of  rbe  "averaged  gradient"  and  a  method 
of  ravines  [5].  Let  us  briefly  describe  the  process  of  the  search  of 
extremum  in  this  case.  Is  minimized  functional 
pfx/u.XjCL),...,  a.m(L)]  .  Lot  us  break  region  0«  j  iL  on  n  sections 
and  will  write  controls  «(z)  and  jl^Ca)  symbolically  in  the  form  of 
the  vector  of  the  controls: 

v'-(v1,v2,. . .  ,vn).  (7) 


Let  us  introduce  the  mutually  orthogonal  variations  in  the  vector  of 
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the  controls 

Av-«(0,...,0,  Avt,0,...,0) 
and  let  us  construct  the  aatrix/die 


1 

! 

Ax, 

Ax, 

A 

!!**!!  =  ' 

Air/0’  ’ 

A  tf2 *  * '  * 

Av  l0’ 
m 

; 

: 

Axn 

Axn 

Axn 

I 

Av/0’  » 

Av/0’’***  ’ 

Av<*> 

m 

froi  n  the  rows  and  m  coluans.  Rata  of  change  in  functional  P 
with  respect  to  a  variation  in  the  control  in  i  section  Avt  exists: 


A  xj 


xrxi 


CO)  Av. 


w 


(10) 


3P 

where  axi 
of  controls 


li  -x48’  derivative  of  functional  P  on  the  initial  vector 

4  .  d 

v.  coeponent  change  vK  can  be  written  in  the  forn: 


(i) 


(0) 


-  n  -  r* 


C01  .  / 

si/gn  P 


(11) 


7ariations  can  be  undertaken  large  and  this  it  is  provided  the 

nonlocality  of  aethod.  in  our  calculations  gap/interval  [0.8]  was 
divided/aarked  off  in  11  sections  with  the  end-points:  by  0;  0.2; 

O.S;  0.3;  1.2;  1.6;  2.0;  2.5;  3.0;  3.5;  4.0;  8.0.  Constants  a  and  0 
were  respectively  equal  to  9.3  and  1.  Within  each  section  the 
controls  a  and  changed  linearly.  Thus,  was  a  22-diaensional 

vector  of  controls  v-,  a  nuabar  of  variable/alternating  was  also 
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equal  to  22  (was  examined  the  motion  of  11  independent  particles, 
evenly  distributed  in  the  interval  of  phases  -2.5  s  tp0  *  2,5;  energy 
of  injection  was  equal  to  80  xeV).  The  simplifying  fact  was  the 
possibility  to  utilize  one  matrix/die  (9)  several  times.  The  initial 
controls  and  the  controls,  obtained  after  the  triple  construction  of 
matrix/die  (9),  are  given  in  Fig.  1  and  2.  In  this  case  functional  P 
decreased  from  1.72  to  0.162. 

For  further  search  was  applied  the  method  of  ravines,  proposed 
by  Gelfand  and  Tsetlin  £5]  which  made  it  possible  to  increase 
substantially  the  dimensionality  of  the  vector  of  controls  (interval 
£0.8]  it  was  divided/a arJted  off  in  40  equal  sections  by  length  0.2). 
In  this  case  the  functional  decreased  to  value  pkom  =  0.06. 

Page  161. 

Controls,  which  correspond  pkom>  are  shown  in  Fig.  1  and  2.  In 
improvement  in  the  characteristics  of  beam  one  can  see  well  in  Fig. 

3.  Let  us  note  that  the  control,  which  differs  from  final  control  of 
several  gradient  descents,  provides  the  phase  width  of  cluster 

a<?=  g°  (phase  motion  for  this  case  shown  in  Fig.  4).  However,  these 
controls  it  is  difficult  to  realize  in  practice.  Vas  produced 
"smoothing"  curves  4  in  Fig.  1  and  2  for  the  target  attain  a  steadier 
change  in  controls  a(z),  £<,(2). 


0  1ft  2,0  3,0  tfft  Sft  6ft  7ft  8.0  z 

Pig.  1.  Initial  control  ot(z)  of  afterward  several  gradient  ones  it  is 
lowering,  and  also  control  od(2),  obtained  by  the  method  of  the 
averaged  gradient  and  by  the  aethod  of  ravines.  1  -  the  initial 
control  of  afterward  several  gradient  ones  it  is  lowering;  2  - 
control,  obtained  by  the  aerhod  of  the  averaged  gradient;  3.4  - 
control  afterward  of  the  10th  and  30th  ravine  steps/pitches. 


Pig.  2.  Initial  control  of  afterward  several  gradient  ones  it 

is  lowering,  and  also  control  £(*)*  obtained  by  netbod  of  averaged 
gradient  and  by  nethod  of  ravines. 

Designations  the  saae  as  in  Pig.  1, 


-3-2-1  0  I  2 


Pig.  3.  energy  (dotted  lines)  and  phase  (solid  lines)  characteristics 
of  bean  during  controls  1  and  4. 

1,  4  -  correspond  to  controls  of  1.4  in  Pig.  1.2. 


Pig.  4.  Phase  particle  action  during  controls  by  4. 

Page  162. 

The  saoothed  controls  are  given  in  Pig.  5.  They  provide  bean  with 
Ag=  ii,5°,  =  +  4,5%  wit h  Ecp~  10  HeV.  As  can  be  seen  froa  Fig.  1  and 

2,  control  «  is  in  effect  equal  to  zero  in  cot  [0.2-0. 6].  This  Beans 
that  the  optinun  systea,  which  ensures  the  high  coefficient  of 
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capture,  aust  consist  or  resonator  and  waveguide  bunchers.  In  this 
case  the  length  of  drift  space  proves  to  be  substantially  less  in 
coaparison  with  case,  when  both  bunchers  are  considered  independent 
variables.  It  is  interesting  to' also  note  (Pig.  4) that  change  ■«  and 
«%  ‘ in  the  initial  section  contributes  to  the  cophasality  of  the 
longitudinal  oscillations  of  all  particles. 

In  conclusion  the  authors  consider  as  the  pleasant  duty  to 
express  appreciation  to  N.  Ye.  Kirin  and  7.  Ya.  KotJcovniJca  for  useful 
advice  and  discussion  cf  the  guestaons,  touched  upon  in  the  work. 

BEPBHEUCES. 

1.  A.  V.  Shal’now,  S.  P.  Lomnev.  Lineynyye  uskoriteli . [Linear 
Accelerators],  1959,^p.  64. 

2.  S.  ?.  Lomnev.  Method  of  calculation  of  linear  electron 
acceleratorsMoscow,  VTs  AN  SSSR,  1962. 

3.  0.  A.  Val'aner,  A.  D.  Vlasov,  A.  V.  SLal'nov.  Linear  accelerators, 
Moscow,  Atomizdat,  1969. 

4.  Method  of  optimization  with  approximations  to  the  mechanics 

of  SDace  flight.  Edited  by  Dzh.  Leytman,  foscow,  Izd-vo  "Nauka",* 

1965. 

5.  I.  M.  C-el'far.d,  S.  L.  Tsetlin,  UMN  [Progress  of  Matematical 
Sciences],  1962,  17,  No.  1. 


DOC  =  80069312  PACE  t>V 

137.  Theory  of  the  resonators,  loaded  with  spheroidal  dielectric  and 
aetallic  bodies. . 

V.  A.  Popov,  H.  A.  Khizhnyak. 

(physiotechnical  institute  of  AS  DkSSB). 

The  task  about  frequency  shift  and  structure  of  the  field  of 
resonator,  loaded  with  disturbing  body,  is  of  considerable  applied 
interest  and  for  the  isotropic  disturbing  bodies  it  was  up  to  now 
examined  predominantly  by  tae  methods  of  perturbation  theory. 

In  the  present  work  on  the  basis  of  the  equations  of  Haxwell  in 
the  integral  fora  is  posed  analogous  problem  for  the  disturbing 
bodies  with  the  arbitrary  parameters  of  anisotropy.  In  a  number  of 
cases  possible  the  exact  solution  of  these  equations,  which  makes  it 
possible  to  define  both  the  frequency  shift  and  structure  of  the 
steady  fields. 

Initial  are  the  following  integral  equations,  equivalent  to  the 
equations  of  saxwell  and  to  boundary  conditions  on  the  surface  of 
disturbing  body  [1,2] 


t 

i 
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E(i.t)-E9(a,t)  +  Lad  div-pp  i 


HCi,t)*H0(a,t)+(9i«d  dW’-~51iV4| 


y  c2  3t2/ 


F5t10tn^2) 


wh8ra  E0(a,t1  ,  H0(a,t)  -  fields,  which  existed  in  the  resonator  in 

the  absence  of  disturbing  body,  s,  and  p,  -  permeability  of 
medium,  which  fills  resonator,  n«  and  nm-  the  electrical  and 
magnetic  vectors  of  hertz.  They  are  equal  to: 


oo 

n  M  dt'J  &  -  E(x',t')i(|x- x  I  (3) 

0  V 

0  v  ' 


where  l  and  p  -  tensors  of  the  dielectric  and  magnetic 
permeability  of  disturbing  body;  V  -  its  volume,  function  f  is 
deter mined  by  the  nonhcacganeous  wave  eguation 

Af-^r  -  4Jl8(|a-Vl)8(t-t*)  (5) 

and  the  corresponding  boundary  conditions  on  the  surface  of 
resonator.  During  the  determination  of  integration  constants  for  each 
component  of  field  are  selected  such  sets  of  eigenfunctions,  so  that 
the  electric  fields  would  satisfy  the  required  boundary  conditions  on 
the  surface  of  resonator. 
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Page  163. 

Let  us  introduce  the  system  of  its  ovn  ort honor aalizad  function 
of  resonator  without  the  load,  that  satisfy  the  equation 

n.fr)  ♦  V')  “  0 

(6) 

and  the  condition  for  the  standardization 

|  X n  (V  \H>W  cH =*§„„'> 

n. 

where  ko*-  its  ovn  wave  number  of  resonator,  which  depends  froa 
three  indices,  a.  -  voluae  of  resonator. 


Then  the  decision  of  equation  (5)  ve  find  in  the  fora 

0  npM  t«t', 


where  >j1  -  natural  frequencies  of  the  unloaded  resonator. 


Let  us  assume,  now,  chat  after  the  introduction  of  exciting  body 
into  the  resonator  the  natural  vibration  frequency  changed  and  becaae 

equal  to  w.  Then  in  the  steady- state  aod e/conditions  of  field  in  the 

^  * 

resonator  when  a  outside  v  take  the  fora 

£(a,t)-E(a)coj  cot;  H(a,t)- H(T)si-na>t .  (8) 
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Substituting  17)  and  (9)  in  (1)  and  dividing  the 
conponents/terns/addends.  that  have  the  teaporary/tine  dependence 

S(th 

sia«t  and  ~$i,nu0Nt,  ^ve  will  obtain  two  groups  of  the  equations: 


n  A  v  1 

Tnt^wJ  ;  O) 


w- 


W  “-««M 

HiCO 


A 

(9iad  dcv+k*J  *M(a)  ^-i)  Effy 


.  do) 


Equations  for  the  aagaetic  fielt.  are  obtained  analogously.  For  points 
outside  7  equation  (9)  deteriines  the  excited  field  through  the 
internal  field  in  the  disturbing  body  and  frequency  shift.  Equation 
(10)  deteraines  frequency  shift  throu*  h  the  paraasteirs  of  resonator 
itself  and  disturbing  body.Froa  (10)  it  is  possible  to  obtain  the 
known  foraula  of  slater  and  Bayer  £3]  for  frequency  shift  of 
cylindrical  cavity  upon  the  introduction  in  it  of  isotropic 
dielsctcic  ball/sjhere.  soreover  for  the  internal  field  in  the 
ball/spb.ere  ve  will  use  the  results  of  the  quasi-static 
approxiaation/approach : 


Aco 

co 


2  S~E* 

2  £  +  2e, 


i 


eJ 


(id 
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Haro  ^03^)  -  undisturbed  field  in  the  location  of  ball/sphere.  For 
the  cylindrical  entity,  loaded  with  spherical  heterogeneity  froa  the 
isotropic  dielectric,  arranged/ located  at  point  (o,  o,  &«,)  fron  (10) 
it  is  possible  to  obtain  the  following  dispersion  aquation: 

<J-J  Izh.  (l2) 

"  &  6i/*i  J,  (°0  \R  /  E  +  2t, »  (12> 


where  R  -  radius  of  resonator,  J,  (*)  -  the  Bessel  function  on  the 
order  of  1,  «£-  the  n  root  of  Bessel  function  zero  order. 


The  structure  of  the  excited  field  is  described  by  equation  (it 
is  brought  expression  cnly  for  component  E*  ): 


E.— AX,  let 


na 
o  R 


where 

A 


(13) 


_w, .  . . "tmrneiaHB&mBaitt 
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[t  C0SK£C0SK^ 

!  2  k3sln  K3L  #> 


lb&“£iSg 

*  O'  £.H.  ir‘ 


£,H,j.o  W^W-ne 


-•.-•-fiff: 


jL  cosk^cotMN 

1 2  KjiLnkjL 

(14) 

I  -  length  of  resonator. 


For  snail  disturbing  bodies  (a/A<<1)  frequency  shift  and  change 
in  the  structure  of  field  froa  the  quiescent  value  is  also  snail. 
However*  in  the  case  of  snail  bodies  fron  the  naterials  with  the  high 
value  of  dielectric  peraeability  or  in  the  case  of  the  aetallic 
bodies  whose  sizes/dinensions  are  coaaensurated  with  the  wavelength 
appear  the  resonance  conditions  whose  essence  can  be  illustrated  by 
the  following  exaaple.  According  to  (12)  the  saallness  of  frequency 
shift  is  deternined  by  the  saallness  of  the  ratio  of  voluaes  •5*-  In 
the  case  of  sphere  froa  the  naterial  with  the  large  dielectric 
peraeability  fornula  (12)  qualitatively  reaains  valid;  however* 
instead  of  value  E  should  ne  substituted  value  c»ee*tF^ha'^'^ W» 
where 

.  2  (sin  *  -  x  cos  x) 

'  (xJ-l)stn  x+xcosx 


(15) 
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Analogous  situation  occurs  also  for  other  spheroidal 
configurations,  although  the  function  f(*> 


takes  more  complicated  form  and  depends  not  only  on  the  absolute 
value  of  ware  vector,  also  on  the  orientation  of  body, 

Function  F(x)  can  take  noth  positive  and  negative  values;  when 
+2£'r^ 

'  frequency  shift  becoaes  large,  in  spite  of  the  saallness  of 
relation  v/n,  and  field  distribution  becoaes  qualitatively  different 
froa  the  distribution  in  the  undisturbed  resonator.  .  Froa  (12)  and 
(15)  it  is  possible  to  find  dependence  u  on  £,  i.e.  as  the  final 
result,  dependence  on  £-  But  according  to  (13)  and  (14) 

is  deterained  Ei-  field  coapcnent.  In  other  words,  changing  t 
disturbing  body,  it  is  possible  to  control  the  structure  of  field  in 
the  resonator.  In  particular,  with  continuous  (adiabatic)  change  E 
is  possible  continuous  traasfocaation,  for  exaaple  node  Soti  into 
at  o* 


aode  E 
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Page  164. 

138.  High-frequency  systen  of  the  electron- positron  ring  VEPP-3. 

7.  G.  Veshcherevich,  E.  1.  Gorniker,  H.  H.  Ioshchenko,  H.  A. 

Karliner,  7.  fl.  Petrov,  V.  y.  Petukhov,  I.  K-  Sedlyarov,  M.  S. 
Tarshish,  1.  A.  Shekhtaan. 

(Institute  of  nuclear  physics  of  SO  AN  BSSH  ^Siberian 

Departaent  of  the  Academy  of  Sciences  of  the  USSR]). 

The  high-frequency  systea  of  ring  7EPP-3  encoa passes  two 
accelerating  cavities  and  high-frequency  oscillators  for  power  supply 
of  these  resonators,  one  of  the  resonators  operates  at  a  frequency  of 
4  MHz  (1st  haraonic  of  the  frequency  of  revolution  of  electrons  and 
the  positrons),  another  -  at  the  frequency  of  76  MHz  (19th  haraonic). 

◦n  accelerating  resonator  gap  on  4  MHz  is  developed  the  voltage 
in  asplitude  to  10  k7,  necessary  in  the  aode/conditions  of  the 
accumulation  of  positrons  for  obtaining  one  cluster.  After  the 
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accumulation  of  particles  is  included  the  second  resonator  on 
clearance  of  which  is  created  the  voltage  to  750  kV  at  the  required 
power  of  approximately  100  kH.  This  voltage  makes  it  possible  to 
achieve  maximum  energy  of  the  particles  of  2-2.5  Ge  v,  deterained  by 
losses  to  the  synchrotron  radiation. 

Subsequently  are  intended  to  supple sent  system  with  two 
resonators  and  generators  at  the  frequency  of  approxiaately  160  HHz, 
which  will  make  it  possible  to  achieve  the  calculated  aaxiaua  energy 
VEPP-3— 3-3.5  Ge?  with  the  total  voltage  on  the  clearances  to  3.8  HV 
and  power  of  generator  to  1  fli. 

Systea  consists  of  accelerating  cavities,  power  amplifiers  and 

units  of  control  and  check.  The  scheaatic  of  resonator  for  the 

frequency  of  4  aHz  (it  is  aore  precise  than  4.03  HHz)  is  represented 

in  Pig.  1.  Besonator  is  the  short-circuited  cut  of  coaxial  line, 

loaded  to  the  capacity/caoaci tance  with  the  value  of  6000  pF,  from 
60  ceramic  canacitors  X1501  100  oF,  130  kVa.  Resonator  is  comprised 
on  the  azial  plane  of  two  oart3  which 

cover  the  ceranic  insulator,  sealed  in  in  vacuun  chaaber  of 
accunulator /storage.  Insulator  separates/liberates  chanber/canera 
froa  the  filled  with  air  interior  of  resonator  and  is  located  in  the 
accelerating  clearance.  The  adjustment  of  resonator  is 
accoaplished/realized  by  the  rotating  copper  framework.  Resonator  has 
the  following  electrical  parameters:  quality  2000,  characteristic 
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impedance  of  5.7  ohms,  shunt  resistance  of  11  kiloobm,  maximum 
amplitude  of  voltage  on  the  clearance  10  kv.  cooling  resonator  - 
forced,  air.  The  large  part  or  the  power  (about  4  kH  with  the  aaxiaua 
voltage)  is  scattered  in  the  capacitors/condensers  which  require 
intense  ventilation. 

Resonator  for  the  frequency  of  JMt-  3Hz  (76.6  3Hz)  in  the 
construction/design  (see  Fig.  2)  is  analogous  to  the  resonator  of 
accuaulator/storage  VEEP-2  £  1  J,  but  has  somewhat  larger 
sizes/diaensions,  also,  in  connection  with  this 
approxiaately/exeaplaril;  3  tiaes  larger  shunt  resistance. 
Furthermore,  two  accelerating  clearances  are  increased  froa  3  to  8  ca 
each,  that  allows  the  total  voltage  on  two  clearances  to  bring  to 
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Pig.  1.  Accelerating  cavity  by  tbe  frequency  cf  4  MHz.  1  -  housing;  2 
-  disk;  3  -  adjusting  fraaevork;  4  -  ceranic  insulator;  5  -  vacuun 
chanber  of  accuaulat or/storaga;  6  -  internal  conductor  of  coaxial 
line;  7  -  ceranic  capacitors;  3  -  loop  of  the  introduction/input  of 
pover. 

Key:  (1).  SHz.  <2).  Air. 

Page  165. 


Vithin  the  vacuus  housing  of  rescnator  froa  the  rod  is  suspended/hung 
copper  duct  with  the  disks  ("coil'*).  Rod  is  isolated/insulated  by 
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ceramic  insulator  fro*  tie  housing;  on  it  to  the  coil  is  supplied  the 
voltage  -  20  kv  for  the  depression  of  resonance  electron  discharge. 
Bypass  capacitors  serve  for  closing/shorting  of  HP  voltage,  which 
appears  at  the  rod  as  a  result  c£  the  residual/reaanent  asyaastry  of 
coil  relative  to  housing.  The  electrical  parameters  have  the 
following  values:  quality  20000,  characteristic  iapedaace  of  150 
oh  as,  shunt  resistance  of  3  HQ,  saximum  amplitude  of  accelerating 
voltage  750  kv.  The  adjustaent  cf  resonator  is  accomplished/realized 
by  an  elastic  daforaation  of  the  end  walls  of  the  resonator,  placed 
into  the  external  vacuua  sneli.  Is  cooled  resonator  by  the  distilled 
water,  which  takes  place  through  the  rod  into  the  hollow  walls  of 
coil,  and  also  on  the  tubes,  soldered  to  the  housing  of  resonator* 

The  HP  supply  of  resonators  is  accoaplished/realized  froa  two 
power  amplifiers.  One  of  then  for  the  frequency  of  4.03  MHz  is 
intended  for  the  supply  of  resonator  for  this  frequency.  Its  exit 
two-cycle  cascade/stage  on  two  laaps  GO- 22  develops  power  to  50  k*. 
Power  amplifier  at  the  frequency  of  76.6  HHz  in  the 
construction/design  is  analogous  to  the  generator  of 
accuaulator/storage  VHP  P-2  [2].  Its  final  stage  -  two-cycle  on  two 
tetrodes  GO-53/1;  power  output  -  150  kW. 

The  block  diagram  of  high-frequency  system  is  given  in  Pig.  3. 

HP  systea  is  excited  by  the  master  oscillator  at  the  frequency  of 
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1.34  MHz.  Exciter  is  reconstructed  in  limits  of  +0.34o/o  from  the 
medium  frequency.  The  voltage  of  the  master  oscillator  enters  the 
entrance  of  frequency  tripler;  froa  its  output  the  voltage  of  the 
frequency  of  4.03  MHz  is  supplied  to  the  entrance  of  channels  4.03 
and  76.6  MHz.  At  the  entrance  or  the  first  channel  there  are  the 
electrically  controlled  phase  inverter  and  aaplifier  with  the 
adjustable  aaplification  factor.  In  second  channel  series- connected 
the  electrically  controlled  phase  inverter,  frequency  aultiplier  to 
19,  electrically  controlled  pnase  inverter  and  adjustable  aaplifier. 
Aaplifiers  are  controlled  oy  the  aodulators  that  provide 
inclusion/connection  and  disconnection  of  H?  power,  autonatic  control 
of  amplification  for  vcltage  regulation  on  the  resonators,  and  also 
disconnection  of  HF  power  xn  the  eaerqency  modes. 

The  controlled  phase  inverters  are  connected  with  the  diagraa, 
which  ensures  the  automatic  agreement  of  phases  in  two  channels,  with 
the  aid  of  this  diagraa  the  voltage  on  both  resonators  is  cabled  on 
the  phase  to  the  reference  voltage.  The  latter  is  obtained  as 
follows.  The  voltage  of  the  frequency  of  3.68  MHz,  removed  froa  the 
output  of  frequency  doubler,  enters  the  shaper,  which  forms 
impulses/aomenta/pulses  with  the  repetition  frequency  2.68  MHz,  of 
amplitudes  of  0. 5  7  and  the  duration  on  the  half-height  of 
approximately  5  ns.  These  impulses/aoaenta/pulses  are  supplied  to  the 
aixers,  to  one  of  which  enters  also  the  voltage  from  resonator  4  MHz 
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through  the  phase  inverter  A,  and  on  another  -  the  voltage  of  the 
frequency  of  76.6  HHz  from  the  multiplier  output  of  frequency  on  19. 
If  the  centers  of  gravity  or  iapulses/aoaenta/pulses  coincide  with 
zero  radio-frequency  voltage,  then  on  the  output  of  aixer  the 
amplitude  of  the  voltage  of  the  interaediate  frequency  of  1.34  HHz  is 
equal  to  zero. 

But  if  HP  voltage  is  displaced  on  the  phase,  then  the  aaplitude 
of  the  voltage  of  interaediate  frequency  on  the  output  of  the  aixer 
is  proportional  to  the  asount  of  phase  shift,  and  its  phase  changes 
on  130°  with  sign  change  of  phase  shift.  Proa  the  outputs  of  aixers 
the  voltages  of  interaediate  frequency  enter  the  synchronous 
detectors. 


* 


Pig.  2.  Pig.  3. 

Pig.  2.  Accelerating  caviry  by  frequency  of  76  aHx.  1  -  loop  of  the 
introduction/input  of  power;  2  -  housing;  3  -  duct  with  the  disks 
(coil) ;  4  -  rod;  5  -  ceraaic  insulator;  6  -  housing  of  the  node/unit 
of  high-voltage  introduction/input;  7  -  bypass  capacitors;  8  - 
busbar/tire  of  the  application  cf  voltage  of  displaceaent. 

Key:  (1).  tv.  (2).  SHz. 

Fig.  3.  Functional  diagraa  of  HP  supply  of  accu aula tor/storage 
VBPP-3.  .  1  -  aastor  oscillator  1.34  BBz;  2  -  frequency  tripler;  3  - 
frequency  doubler;  4,5  and  6  -  controlled  phase  inverters;  7  - 
frequency  aultiplier  to  19;  8  and  9  -  aodulated  aaplifiers;  10  and  11 
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-  modulators;  12  and  13  -  power  amplifiers;  14  -  resonator  4.03  HHz; 
15  -  resonator  76.6  MHz;  16  and  17  -  servodrives  of  resonators;  18, 

19  and  20  -  phasemeters;  21  and  22  -  synchronous  detectors  1.34  MHz; 
23  -  impulse  shaper  2.68  MHz;  24  and  25  -  mixers;  26  -  phase  inverter 
A;  27  -  rectifier  of  mixing. 

Key:  (1).  Channel  4.03  MHz. 

Page  166. 

The  reference  voltages  of  detectors  by  the  frequency  of  1.34  MHz 
are  removed/taken  from  the  master  oscillator.  The  exit  voltages  of 
synchronous  detectors  control  phase  inverters  in  such  a  way  that  the 
output  pulses  of  shaper  coincide  with  zero  exit  voltage  of  phase 
inverter  A  of  the  frequency  of  4.03  MHz  and  with  zero  exit  voltage  of 
frequency  multiplier  on  19.  Resonator  voltage  76.6  MHz  cables  itself 
on  the  phase  to  the  exit  voltage  of  frequency  multiplier  on  19  with 
the  aid  of  the  phasemetex,  which  affects  controlled  phase  shifter. 

The  setting  up  of  necessary  phase  displacement  of  accelerating 
voltages  on  the  resonators  is  accomplish ed/realized  by  a  phase 
inverter  A. 

A  difference  in  the  clamping  circuits  of  the  phase  of 
accelerating  voltages  ci  frequencies  4.03  and  76.6  HHz  to  pulse 
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voltage  of  the  frequency  of  2.66  MHz  is  connected  with  the  large 
range  of  changes  in  the  resonator  toltage  76.6  3Hz. 

Resonators  ms  equipped  with  dewices/eqaipaent  for  the  autoaatic 
tuning  of  natural  frequencies.  Into  each  of  the  devices/eguipaent 
enters  the  phase enter,  which  aeasures  a  phase  difference  between  the 
voltage  on  accelerating  resonator  gap  and  the  current  of  the  feeder 
of  resonator.  Signals  frca  the  outputs  of  phaseeoters  are  supplied  to 
the  servodrives  which  reconstruct  the  natural  frequencies  of 
resonators. 

Resonators  on  4.03  and  76,6  MHz  and  blocks  of  the  control  systee 
are  prepared,  tested  and  work  in  the  accueuiator/storage  7EPP-3. 
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$age  139, 

Discussion, 

A.  7.  Mishchenko.  In  what  aode/conditions  (continuous  or  pulsa)  does 
vork  the  generator? 

7.  H.  Petrov.  In  the  continuous. 

A.  Ya.  3elyak.  Is  included  resonator  in  the  vacuun  container?  Are 
such  the  exenplary/appcoxiaate  aiaensions  of  resonator  on  76  8Hz? 


7.  N.  Petrov.  Besonator  is  included  in  the  vacuua  container. 
Sizes/diaensions  of  the  resonator;  the  diaaeter  of  1150  an,  the 
length  of  900  an*  the  accelerating  clearances  on  80  an. 


A.  A.  Glazov,  ahich  the  precisic u/accuracy  of  phasing? 

7.  a.  Petrov.  The  precision/accuracy  of  the  phasing  of  accelerating 
voltage  with  the  frequency  of  fiaz  relative  to  voltage  vitn  the 
frequency  of  76  8Hz  corresponds  to  At=0.5*10~*  s. 


V.  la.  Stepanyuk.  »hat  is  the  controlled  phase  inverter? 
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V.  8.  Petrov.  The  controlled  phase  inverter  consists  of  the  stepped 
phase  inverter,  which  caanges  phase  irregularlyly  on  95°,  the  steady 
phase  inverter,  which  is  the  resonance  single-stage  aaplifier, 
included  by  ABO.  In  the  latter  the  phase  saoothly  changes  on  *45°  due 
to  the  rearrangeaent  of  contour/cutline* 

v.  I.  Bobylev.  In  what  limits  it  is  possible  to  reconstruct  the 
frequency  of  resonator  on  76  Mhz  due  to  the  elastic  deformations  of 
walls?  Fron  what  aaterial  is  prepared  the  resonator  and  which  face 
wall  thickness? 

7.  8.  Petrov.  The  thickness  of  walls  is  -10  aa,  aaterial  -  copper. 
Bearraageaent  coaposes  ♦1o/o. 
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139.  Precision  system  o f  the  high-frequency  supply  of  spectrometric 
cyclotron. 

G.  A.  Vasil1  yet. 

(Physical  institute  of  the  AS  ossa). 

a.  S.  Davidov,  I.  I.  PiaJtel'shteyn. 

(Scientific  research  institute  of  the  electrophysical  equipment  in. 

D.  V.  Efremov) . 

The  accelerating  system  of  spectrometric  cyclotron  consists  of 
two  basic  resonators  in  angular  extent  on  45°,  excitable  in  the  range 
frequencies  of  10-15  tlflz,  and  two  supplementary  resonators  by  angular 
extent  of  15°,  excited  on  the  third  harmonic  of  the  frequency  of 
basic  resonators.  The  amplitude  of:  accelerating  voltage  in  the  basic 
resonators  125  kV,  and  supplementary  15  k?  [1].  Both  both  bases  and 
supplementary  resonators  are  united  in  pairs  so  that  each  pair  is 
actually  one  resonator  of  the  type  of  "eight".  Therefore  from  a  radio 
engineering  point  of  view  each  pair  can  be  considered  as  one 
resonator.  This  makes  it  possible  for  their  excitation  to  use  only 
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two  generators  -  basic  with  pot>er  on  the  order  of  200  ka  and 
supplementary  (third  harmonic)  with  power  oatpat  on  the  order  of  15 
kw. 


Basic  difficulties  during  the  development  of  the  system  of  BP 
supply  are  connected  with  the  need  for  the  stabilization  of  amplitude 
in  the  basic  resonator  witn  the  precision/accuracy  not  worse  ♦3«10~*, 
or  phase  difference  between  the  BP  voltages  of  fundamental  frequency 
and  third  harmon?c  with  precision/accuracy  of  ±0.03°. 

Page  167. 


Systee  block  diagram  is  given  in  the  figure.  The  master 
oscillator  ZG  encompasses  the  synthesizer  of  frequencies  with  the 
stability  of  frequency  cn  the  order  of  £l»10“7  and  the  auxiliary 
stabilization  system  of  the  amplitude  of  exit  voltage,  which  ensures 
the  constancy  of  exit  voltage  iG  with  the  precision/accuracy  not 
worse  than  M0-*. 

HP  voltage  of  ZG  through  the  control  unit,  the  broadband  power 
amplifier  and  the  final  stage  excites  basic  resonator  ffl.  The  final 
stage  is  installed  directly  on  the  resonator  and  excites  the  latter 
without  the  use/application  of  intermediate  circuits  and  feeder  line. 


I 
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The  final  stage  and  tiie  power  amplifier  work  in  the 
tinder  stressed  aode/coaditions  and,  for  the  purpose  of  an  increase  in 
the  stability  of  amplification  and  phase  responses,  they  are  included 
through  the  resonator  fcy  teedback  in  the  high  frequency. 


The  presence  in  feedback  loop  of  high-Q  resonator  lakes  it 
possible. to  carry  out  sufficiently  deep  (K  on  the  order  of  50-100) 
feedback  without  the  destabilization  of  systea.  In  this  case  the 
stabilization  factor  in  the  first  approximation,  is  equal  to  the 
coefficient  of  feedback.  This  stabilizat ion  of  a?  voltage  on  the 
accelerating  clearance  of  basic  resonator  is  accoaplished/realized  by 
an  artificial  stability  installation  (Asftl) . 

As  the  measuring  element  of  systea  (sensor)  is  utilized  the 
photoelectric  comparator,  which  ensures  the  precision/accuracy  of  the 
comparison  of  the  average/aean  value  of  HF  voltage  with  standard 
constant  stress  of  order  1Q-*.  The  precision/accuracy  of  this  order 
it  is  at  present  obt  aired  in  the  comparators,  developed  in  by  Toask 
polytechnic  institute  [  1  ]. 

The  introduction  of  the  integrating  coaponent/link  makes  the 
systea  of  ASA  astatic,  due  to  what  it  is  provided,  in  particular,  a 
sufficient  range  of  regulating. 
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However,  in  connection  witn  the  use/application  of  an  inertia 
coaparator  and  the  introduction  of  integration  ISA  basic  systea 
becoaes  slow.  For  eliainating  the  rapid  fluctuations  of  aaplitudes  is 
applied  the  support  systea  of  ASA.  Support  systea  static  (K  on  the 
order  of  50)  with  the  liaited  range  of  regulating.  The  work  of 
support  systea  can  be  considered  as  the  correction  of  basic  systea 
with  derivative  control. 


It  is  assuaed  that  this  coabination  of  ASA  systeas  will  aake  it 
possible  to  obtain  the  acceptable  transient  responses  (operating 
speed)  with  the  range  ox  regulating  and  prescribed/assigned 
precision/accuracy  reached.  The  systea  of  ASA  of  channel  on  the  third 
haraonic  is  analogous  basic. 

Por  the  stabilization  of  tne  phase  relationships/ratios  between 
the  oscillations  in  the  basic  and  suppleaentary  resonators  is 
utilized  the  artificial  stanilrty  installation  of  phase  (ASF). 

The  basic  difficulty  of  developing  this  systea  consists  in  the 
creation  of  the  aeasuring  device  (indicator),  which  fixes  the 
divergences  of  a  phase  difference  of  aultiple  frequencies  froa  the 
given  one  with  the  precision/accuracy  not  worse  than  £0.02°  in  the 
fundaaental  frequency) . 
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At  present  is  conducted  the  development  of  this  measuring 
device.  Sorts  are  conducted  in  two  directions:  are  investigated 
diagrams  with  intermediate  frequency  multiplication  and  heterodyning 
of  signal,  and  also  diagram  of  tfae  direct  comparison  of  phase  at  the 
multiple  frequencies.  Structurally  system  ASP  is  carried  out  (as  ASA 
system)  in  the  fora  of  the  combination  of  wide-range  astatic  system 
with  the  high  speed  statistical  (with  the  limited  range  of 
regulating) . 

Besides  the  basic  stabilization  systems  (ASA  and  AS?)  the  HP 
supply  encompasses  the  seraes/rcw  of  auxiliary  stabilization  systems: 
in  particular,  the  system  of  the  self-alignment  of  the  natural 
frequency  of  resonators  (APCh) .  Systems  APCh  of  basic  and 
supplementary  resonators  are  carried  out  on  the  phase  principle.  The 
signals  of  detuning  are  developed  by  the  phase  sensors,  which  compare 
with  respect  to  the  phase  excitation  voltage  with  the  voltage  in  the 
resonator.  After  the  appropriate  amplification  and  conversion  they 
act  on  tuning  elements.  Systems  APCh  are  astatic.  Precision/accuracy 
in  phase  on  the  order  of  0.5-1°.  The  residual/remanent  errors  for 
systems  APCh  exceed  the  permissible  error  for  the  mutual  phasing  of 
resonators,  but  their  value  considerably  less  than  the  range  of 
regulating  systems  ASF  and  ASA. 


Therefore  systems  ASF  and  ASA  easily  remove  the  effect  of  the 
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errors  for  systems  APCh  cn  tiia  pracision/accuracy  of  the 
stabilization  of  accelerating  voltages. 

In  connection  with  the  extremely  high  requirements  for  the 
precision/accuracy  of  tha  aaintenanca  of  the  prescrihed/assigned 
parameters  at  the  develcpaent  of  the  systea  of  HF  supply  are  accepted 
the  aeasures  for  a  aaxiaally  possible  reduction  in  the  value  of  the 
destabilizing  effects.  All  supply  voltages  are  stabilized  with  the 
precision/accuracy  of  cxder  1*1  O'*4.  Provision  is  Bade  for 
thermostatic  control  of  the  separate  elements  of  the  system  of  HF 
supply,  and  also  heat  stabilization  with  the  high  precision/accuracy 
of  accelerating  cavities. 

At  present  are  examined  the  possibilities  of  simplification  in 
the  developed  systea  and  furtner  increase  in  its  precision/accuracy 
and  reliability.  In  connection  with  this  are  conducted  investigations 
of  the  possibilities  of  exciting  the  supplementary  resonator  directly 
from  the  basis  due  to  the  introduction  to  connection/coam unication 
between  them  through  the  nonlinear  eleaents/cells. 
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"Ehe  system  block  diagram  of  HP  supply:  1  -  master  oscillator;  2  - 
control  units;  3  -  broadband  power  amplifiers;  4  -  the  final  stages; 
5  -  the  automatic  frequency  control;  6  -  the  automatic  tuning  of 
amplitude;  7  -  diagram  of  control  of  frequency;  8  -  phase  sensor;  R4 
-  resonator  of  fundamental  frequency;  R*  -  resonator  of  the  third 
harmonic. 
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HIGH-PBBQUBNCT  SYSTEM  OP  HIGH-CDBBBNT  P-8  CTCLOTBOH  OP  JOIST 
INSTITUTE  FOB  NUCLEAR  EES 2 A AC 8. 

(Installation  "P") . 

A.  A.  Glazov,  V.  A.  .  Koch  kin,  L.  a.  Onishchenko,  V.  1.  Peregud,  a.  9. 
seaenov,  1.  v.  Tuzov,  9.  N. . Knarlaaova. 

(Joint  Institute  for  Nuclear  Research,  scientific  research  institute 
of  the  elect rophysical  equipment  ia.  D.  V./Efreaov). 

In  the  high-current  P-B  cyclotron  J.I.N.B.  [1]  the  terminal 
radius  of  acceleration  is  2.7  a,  magnetic  field  is  foraed/shaped  in 
such  a  way  that  the  acceleration  of  protons  before  the  energy  700  aeV 
must  be  accoaplished/realized  with  a  change  in  the  frequency  of 
accelerating  voltage  in  the  range  18.  18>f>14. 41  MHz. 

The  introduction  to  variation  and  the  growing  with  a  radius 
aagnetic  fields  leads  to  tne  contraction  of  working  frequency  band; 
however  in  this  case  sharply  decreases  by  interpol&r  magnet  gap,  and 
with  the  selected  aperture  of  dee  100  an  the  clearance  between  dee 
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and  cladding  of  chaaber/caaera  will  be  only  78.5  aa.  With  this 
clearance  accelerating  voltage  to  avoid  breakdowns  and  excessive 
losses  is  selected  equal  to  50  kv. 

As  the  modulating  device/equipaent  it  is  decided  to  utilize  the 
nechanical  rotating  variabla/alternating  capacitor/condenser,  which 
is  up  to  now  represented  ny  the  best  device/equipaent  for  a  variation 
in  the  frequency  of  the  accelerating  systea  of  P-H  cyclotron.  In  all 
projects  of  the  reconstruction  ox  accelerators  in  operation  [2,  3] 
also  is  provided  for  pitcxsely  this  aethod  of  the  rearrangement  of 
frequency.  In  connection  with  the  relatively  narrow  operational 
frequencies  band  for  the  resonance  systea  in  this  case  it  proves  to 
be  possible  to  utilize  a  cut  ot  unifora  line  so  that  the  voltage  on 
the  bunchers  would  be  always  less  than  accelerating  voltage. 

The  ratio  of  the  aaxiaua  capacity/capacitance  of  bunchers  to  the 
ainiaua  has  a  ainiaua  at  the  length  of  resonance  line,  close  to  6.5 
a.  However,  in  connection  with  the  fact  that  in  the  ainiaue  of 
relation  cmax/cmln  the  value  of  capacity /capacitance  cmao6  is  very 
great,  and  the  ainiaua  sufficient.ly  flat/plane,  by  optiaus  length  it 
will  be  7.3-7. 5  a.  This  length  is  optiaua  and  for  the  design 
considerations,  since  it  aakes  it  possible  to  reaove  bunchers  and 
high-frequency  oscillator  behind  the  radiation  shielding. 
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Thus,  the  accelerating  high-frequency  system  of  installation  "F" 
is  the  rectangular  in  the  plan/layout  flat/plane  half-wave  uniform 
line  with  a  width  of  6  a,  witn  length  of  7.3  a  with  the  permanent 
clearance  78.5  xa.  The  adjustment  of  system  is  accomplished/realized 
by  two  identical  capacitive  ouncaers  of  frequency,  carried  out  in  the 
fora  of  capacitor/condenser  with  the  rotating  rotor  whose  axis/arle 
is  parallel  to  dee  lip.  . 

The  results  of  calculating  the  electrical  characteristics  of 
resonance  line  are  given  in  the  tanle  (one-disensional  calculation). 

In  connection  with  the  fact  that  the  resonance  line  has 
considerable  width,  was  also  produced  its  calculation  in  two 
aeasureaents.  In  this  case  it  was  assuaed  that  on  the  contour/outline 
the  normal  component  of  current  is  everywhere  equal  to  zero  with 
exception  of  the  places  of  the  connection  of  the  buncherss  where  it 
was  pernansnt. 
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Under  this  hypothesis 
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where  2x  -  width  of  resonance  line;  A  -  length  of  bunchers,  equal  to 
1.333  a;  the  centers  of  buncherss  are  located  at  a  d  stance  of  x/2 
from  the  edges  of  line,  fiesults  of  calculating  also  are  presented  in 
the  table  (two-diaensicnal  calculation) . 


The  use/application  of  aechanisa  for  the  rearrangeaeat  of  the 
resonance  frequency  of  systea  auvoaatically  is  assuaed  the  pr^ence 
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of  the  back  stroke,  during  which  tho  frequency  of  system  returns  from 
its  finite  value  to  the  initial.  If  one  assuaes  that  the  time  of 
acceleration  is  equal  to  cue  duration  of  foreward  stroke,  then  with 
the  angular  extent  of  stator  platos,  approxiaately/exeaplarily  equal 
to  9-ep.  the  effectiveness  of  cycle  will  be 


where  ep  is  angular  of  the  extant  of  the  blades  of  rotor;  0=2r/N  - 
angular  distance  between  thee  (N  -  number  of  blades  of  rotor). 

Qa  the  lower  voltage  frequency  on  the  bunchers  in  accordance 
with  the  data  of  calculation  aust  be  approxiaately  30  k?.  In  this 
case  four-millimetric  clearance  is  completely  sufficient  froa  the 
point  of  view  of  dielectric  strength  and  reliability.  As  showed 
preliminary  estimations,  the  necessary  maximum  capacity/capacitance 
with  this  clearance  can  be  obtained  in  the  bunchers  with  the 
seven-degree  moving  vanes  with  a  length  of  12-13  cm  with  the  diameter 
of  rotor  about  the  meter  and  two  stator  packages.  The  effectiveness 
of  the  cycle  of  bunchers  is  sufficiently  high,  and  when  selecting  of 
a  number  of  blades  of  rotor  the  determining  factor  it  must  be  the 
rotaticaal  speed. 

Velocity  the  rotation  of  rotor  is  determined  by  the  expression: 
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where  the  tiae  of  acceleration  for  the  selected  lav  of  a  change 
in  the  magnetic  field  and  set  of  energy  per  revolution  is  1038  ms. 
Frou  (3)  and  values  q  ior  the  bunchecs  with  seven-degree  blades  it 
is  evident  that,  if  ve  axe  not  oriented  on  the  use  of  a  reducer  or 
the  development  of  special  engine,  bunchers  aost  have  10-12  blades. 
In  connection  vith  the  fact  that  with  N=10  the  bunchers  has  a 
soaevhat  larger  value  7.  and  s sailer  sizes/diaensions,  this  version 
it  was  accepted  as  the  verier. 


The  calculation  of  the  profile/airfoil  of  stator  plates  was 
based  on  assumption  about  a  linear  change  in  the  capacity /capacitance 
fro*  the  angle  of  rotation,  woich  corresponds  well  to  the  necessary 
law  of  a  change  in  the  frequency.  Has  assumed  also  a  linear  change  in 
the  working  clearance  frem  7  to  u  am  in  the  dependence  on  the  angle 
of  rotation  of  rotor,  vaicb  provides  the  exe apiary/approximate 
constancy  of  electric  intensity  in  the  bunchers. 


The  prof ile /air foil  of  stator  plates  (submersion  depth  of  rotor 
plates  into  the  stator)  Y(y)  was  determined  from  the  expression  for 
the  capacity/capacitance  of  the  parallel-plate  capacitor: 


. _  n$(g>)(gf  8g)  ^ o[r- y  Y0p)]Y(<p)8p(a+6<p) 


3,6Jth(y) 
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where  the  coefficients  a  and  p  characterize  the  apparent  increase  in 
rotor  plate  dus  to  edge  effect  [4];  h  {*)  -  working  clearance;  28  - 
diameter  of  rotor;  n  -  number  or  clearances,  undertaken  by  the  equal 
to  116. 

As  the  device/eguip ment,  whicn  grounds  rotor  in  the  high 
frequency,  was  accepted  lamellar  collector  capacitor/condenser  with 
the  angular  extent  of  plates  of  284°.  In  this  case  in  it 
simultaneously  are  found  3  moving  vanes  of  each  disk,  and  with  the 
clearance  in  the  collector  capacitcr/condenser,  egual  to  1,5  mm,  its 
capacity/capacitance  is  32(30  pF. 

For  the  final  selection  of  the  characteristics  of  HF  system  of 
accelerator  after  conducting  of  the  number  of  model  investigations 
was  prepared  its  full-scale  mock-up,  schematically  shown  in  Fig,  1, 
The  same  figure  shows  sectron/cut  and  are  given  the  basic  dimensions 
of  the  bunchers  of  frequency. 

For  facilitating  the  production  of  stator  plates  their 
profile/airfoil,  obtained  with  the  aid  of  expression  {4),  was 
approximated  by  circular  arc  with  radius  535  mm. 

Section/cut  in  the  line  is  intended  for  a  frequency  division  of 
the  closest  idle  mode  of  vibration  on  2-3  KHz  in  entire  operating 


range 
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Pig.  1.  Hock-up  of  HP  systaa  of  installation  "P". 

Page  170. 

The  basic  experiaental  results,  obtained  in  the  aock-up,  are 
given  in  Pig.  2,  where  are  constructed  dependences  on  the  angle  of 
rotation  of  the  total  capacitance  of  buncherss,  operating  frequency 
and  relation  u8ap ma*/uyCK ,  aQd  also  voltage  distribution  on  the 
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bunchars  for  different  frequencies.  It  is  evident  that  the  system 
provides  obtaining  operating  frequencies  with  the  considerable 
supply;  coaposes  0.7  23,  that  sufficiently  close  to  maximally 

possible,  and  the  experimental  results  coincide  sufficiently  veil 
with  the  calculated  ones, 

A  voltage  drop  along  the  accelerating  slot  to  the  edge-'  of 
tapers  varies  from  5o/c  at  the  loner  frequency  to  12o/o  on  the  upper. 

The  obtained  dependence  t (*)  mas  used  for  calculating  phase 
acceleration  mode  with  UycK=  50  *V  and  cos  ips  =  0,4.  The  results  of 
calculation  are  given  in  fig.  3.  Certain  increase  costps  at  the  mediun 
frequencies  must  not  lead  to  the  phase  losses  in  view  of  angular 
damping. . 
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Fig.  .2.  Results  of  experimental  investigation  of  the  nock-up  of  BF 
syste®.  a)  voltage  distribution  on  buncherss  Og^/Oy,*  at  different 
freguencies:  1  -  f=18.88  &'dzt  2  -  £=16.21  BBz,  3  -  f-14. 2  HHz;  b) 
dependence  on  the  angle  of  rotation  of  the  rotor:  1  -  total 
capacitance  of  bunchers;  2  -  ratio  of  nazinun  voltage  on  the 
buncherss  to  accelerating  voltage  (Ua^W/^yeio  3  ~  the  operating 
frequency  f. 

Key:  (1)  .  BBz.  (2)  .  pP. 
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Fig.  3.  .  Dependence  cm<ps  on  a  cadi  us. 
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141.  Debuncher  of  the  injector  of  synchrophasotron  the  J. I.H.3.  with 
aodulation  of  energy  of  the  accelerated  beaa. 

L.  P.  Zinov#  ysv,  a.  B.  Kadyrov,  H.  a.  Plyashkevich,  V.  A.  Popov,  X. 

N.  Seaenyushkin,  V.  L.  StepanyuX. 

(Joint  Institute  for  Huclear  aesearch) . 

One  of  the  effective  methods  of  increasing  the  intensity  of 
synchrophasotron  of  J.I.M.a.  is  reducing  to  the  nininun  of  the  losses 
of  particles  xn  the  process  of  injection  and  acceleration.  It  is 
possible  to  obtain  a  considerable  increase  in  the  intensity  of  the 
accelerated  particles,  if  we  decrease  the  energy  spread  of  the  bean 
of  injector  and  to  select  the  optiaun  node/conditions  of  injection 
into  synchrophasotron  [1,  2].  Virtually  this  can  be  carried  out,  if 
on  the  output  of  linear  accelerator  to  establish/install  the 
device/eguipnent  (resonator),  which  lakes  it  possible  to  change 
energy  of  the  injected  into  the  synchrophasotron  bean  in  accordance 
with  an  increase  in  the  aagnetic  field.  With  the  correctly  selected 
distance  froa  the  linear  accelerator  this  resonator  will  be  able 
besides  aodulation  of  energy  also  substantial  to  decrease  the  energy 
spread  of  the  injected  beaa,  fulfilling  the  functions  of  so-called 
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debuncher. 

Page  171. 

This  installation  is  at  present  created  and  launched  in  high-energy 
laboratory  of  J. I. s. r.  in  rhis  work  are  given  the  basic  results  of 
calculating  the  effectiveness  of  injection  into  the  synchrophasotron 
of  J.I.S.H.  during  eoduiation  of  energy  and  contraction  of  the  energy 
spread  of  the  bean  of  injector,  the  short  description  of  debuncher 
and  the  basic  expecinental  results,  obtained  in  the  process  of  its 
adjustment  and  field  testing  on  tne  synchrophasotron. 

If  energy  of  the  particles,  injected  into  the  synchrophasotron, 
is  changed  in  such  a  way  tnat  the  .instantaneous  equilibrium  orbit  to 
which  are  injected  the  particles,  has  the  fixed/recorded  radius  and 
it  passes  in  inaediate  proximity  of  the  internal  inflector  plate, 
then,  obviously,  injection  into  the  synchrophasotron  can  be  continued 
until  the  instantaneous  eguilinriun  orbit  of  the  particles,  injected 
at  first,  as  a  result  cf  turning  in  the  building  up  aagnetic  field 
achieves  internal  chaaber  wall.  In  this  case  the  particle  injection 
will  occur  always  with  a  snail  aaplitude  of  radial  betatron 
oscillations.  In  contrast  to  this,  in  the  case  of  peraanent  energy  of 
injection  a  radius  of  instantaneous  equilibrium  orbit,  to  vhich  are 
injected  the  particles,  in  connection  with  an  increase  in  the 
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aagnetic  field  always  decreases  and  occurs  an  increase  in  the 
amplitudes  of  radial  betatron  oscillations.  In  this  case  the 
injection  continues  until  the  instantaneous  equilibrium  orbit  of  the 
injected  particles  achieves  the  mddle  of  chaaber/caaera,  but  the 
amplitude  of  radial  betatron  oscillations  will  stop  to  the  equal 
radial  half-width  of  chaaoer/caaera. 

Thus,  with  the  variable/alternating  energy  of  injection  it  is 
possible  to  twice  increase  the  tiae  of  injection  and,  furtheraore,  to 
carry  out  injection  with  saall  aapiitudes  of  radial  betatron 
oscillations.  This  is  aade  it  possible,  first  of  all,  to  twice 
increase  a  quantity  of  injected  into  the  chaaber/caaera  of 
synchrophasotron  particles,  in  tne  second  place,  it  is  essential  to 
decrease  the  losses  of  particles  in  the  initial  period  of  synchrotron 
acceleration. 

The  calculation  of  the  effectiveness  of  injection  during 
oodulation  of  energy  of  injector  and  contraction  of  its  energy  spread 
with  the  aid  of  the  resonator  of  debuncher  was  perforaed  by  the 
method  of  nuaerical  integration  and  it  was  reduced  to  the 
aaxiaization  of  the  function 

where  -  effectiveness  of  injection;  -  coefficient  of  the 

capture  of  particles  into  the  betatron  acceleration  node;  t$s  - 
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coefficient  of  capture  into  synchrotron  acceleration  node;  tu-  - 

duration  of  injection  pulse.  Calculation  was  performed  for  the 

existing  injector  with  tbe  energy  9.4  aaV  and  the  current  1.2  bA.  The 

necessary  depth  of  modulation  of  energy  of  this  injector  m=3o/o,  for 

which  it  is  necessary  to  change  the  phase  of  voltage  on  accelerating 

resonator  gap  with  -45°  to  *40°  with  the  voltage  on  the  clearance  200 

k?  (amplitude  value) .  During  the  location  of  the  resonator  of 

debuncher  at  a  distance  cf  3  a  froa  the  output  of  linear  accelerator 

it  will  produce  contraction  of  the  energy  spread  of  the  injected 

particles  from  2,3%  to  4w<n_0(C%  For  calculating  the 

effectiveness  of  injection  were  undertaken  the  real  distributions  of 

the  injected  particles  according  to  the  angles  7#  the  section  of 

cluster  g  and  energies  V  whose  maximum  values  for  the  existing 

injector  are  Aym  -  6.  i(T5  rad,  Agm  '•  3,5  cm,  0,6%.  The  basic 

wo 

results  of  calculation  are  given  in  the  table. 

Thus,  during  the  use/application  of  debuncher  with  modulation  of 
energy  should  be  expected  increase  in  the  intensity  of 
synchrophasotron  from  QyCk  =  l.o-io11  the  particles  in  the  cycle  of 
acceleration  to  QycK=  s.o-io11  th9  particles,  moreover  2  times  due  to 
an  increase  in  the  duration  of  injection  from  300  to  625  ms  and 
2.5  times  due  to  an  increase  an  the  general/common/total  coefficient 
cf  capture  «  from  0.1?  to  0.3 
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The  block  diagram  of  dabuncher  is  given  in  Fig.  1.  Basic 
node/unit  is  the  resonator  which  creates  the  high-frequency  electric 
field,  which  affects  the  beam  ot  particles  of  the  injector. 
High-frequency  power  enters  resonator  from  the  unit  of  HP  oscillators 
which  together  with  the  preamplifier  amplify  HP  power  up  to  the 
value,  necessary  for  the  supply  of  resonator.  The  modulator  of  phase 
serves  for  modulation  ox  tna  phase  Qf  entering  the  resonator  of  HP 
voltage  relative  to  the  phase  of  voltage  in  the  resonator  of  linear 
accelerator  (LO) .  Por  tne  tuning  of  initial  phase  is  provided  for 
mechanical  phase  inverter.  The  modulator  of  phase  is  controlled  with 
the  aid  of  the  voltage,  developed  by  the  oscillator  of  control 
voltage.  Pulse  anode  voltage  for  the  unit  of  HP  oscillators  and 
preamplifier  creates  the  pulse  modulator,  that  encompasses  the 
assembly  of  artificial  line.  For  tne  tuning  of  the  natural  frequency 
of  resonator  is  utilized  the  element/cell  of  steady  tuning.  Phase 
bridge  serves  for  the  comparison  of  the  phases  of  signals  from  the 
resonator  and  the  unit  ct  HP  oscillators.  The  synchronization  of 
entire  installation  is  accomplished/realized  with  the  aid  of  the 
delay  unit,  by  trigger  pulse  of  the  beginning  of  injection. 
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Key:  (1).  Sode/conditicns  of  injection.  (2).  ps  .  (3).  part. /pulse. 

(4).  8e7#  without  debuncher.  (5).  Me?,  with  debuncher.  (6).  HeV,  with 
debuncher  and  aodulaticn. 

Page  172. 

The  resonator  of  debuncher  (Pig.  2)  is  a  quarter-wave  cut  of 
coaxial  line  with  the  round  cross-section.  The  length  of  accelerating 
resonator  gap  a  -  5  cm  was  selected  fro*  the  condition  of  obtaining 
the  factor  of  tiae  of  flight  (*=0.9  with  the  intensity/strength  of 
field  40  k7/c».  The  quality  of  resonator  Q0= 12800,  shant  resistance 
Rw’  1200  to  kilooha,  self-resonant  frequency  is  equal  to  the 
frequency  of  the  resonator  of  linear  accelerator  (143  8Hz).  Por 
obtaining  on  the  slot  cf  resonator  200  k7  it  is  necessary  to  feed  to 
it  50  ki. 


Pig.  3  depicts  the  photograph  of  resonator  within  vacuua 
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envelops. 

The  aodulator  of  phase  2  (an  Fig.  *-)  is  carried  out  in  the  fora 
of  ten- joaponent  artificial  line.  As  the  capacities/capacitanoas  of 
line  are  utilized  the  seaiconductor  diodes  whose  capacity/capacitance 
is  controlled  by  bias  voltage,  which  coaes  froa  the  oscillator  of 
control  voltage. , 

At  present  the  debuncner  as  installed,  fixed  and  is  located  in 
the  stage  of  field  testing  on  the  synchrophasotron  of  J.I.N. a. 
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Fig.  1.  Block  diagraa  ox  denuacher.  1  -  mechanical  phase  inverter.  2 
-  the  aodulator  of  phase:  3  -  preliainary  SF  amplifier;  4  -  unit  of 
HP  oscillators;  5  -  resonator;  *  -  delay  unit;  7  -  oscillator  of 
control  voltage;  8  -  artificial  line;  9  -  pulse  aodulator;  10  -  phas 
bridge;  11  -  eleaent/cell  of  tuning. 

Key;  (1).  HP  pulse  froa  10.  (2).  lapulse/aoaentua/pulse  of  injection 
<3) .  To  oscillograph. 


Pig.  2.  Scheaatic  of  resonator:  1  -  center  conductor;  2  -  end-type 
disk;  3  -  internal  electrode  for  depression  of  high-freguency 
resonance  discharge;  4  -  insulators  for  attachaent  of  electrode;  5 
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external  conductor;  5  -  screens  for  decreasing  radiation/enission  of 
3F  power  froa  resonator. 


Fig.  3.  Resonator  within  vacuum  envelope. 
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1“- 2.  Powerf ul/thick  peak  transforaer. 

o.  S.  Bogdanov,  Y a.  p.  Vakhrushin,  Y.  5.  Zhitenev,  8.  I.  Kolesov,  A. 
v.  orlov. 

(Scientific  research  institute  of  the  electrophysical  equipaent  ia- 
D.  V.  Efreaov) . 

Por  the  electron  gun  of  the  linear  induction  acceler.  -•  ,s  (see 
for  ezaaple,  [1])  is  required  the  source  of  the  high-voltage  power 
supply  with  the  voltage  300-500  kY,  the  current  of  load  250-300  A  for 
the  duration  of  pulses  ra,s=0.5  and  at  the  frequency  of  aessages 
to  50  s“‘.  Possible  decision  is  the  use  of  a  aodulator,  analogous  to 
the  aain  aodulator  of  the  systea  or  the  pulse  supply  LX0  [2]  in 
coabination  with  the  powerful/thick  peak  transforaer,  which  consists 
of  the  series/row  of  the  annular  aagnetic  circuits  each  of  which  is 
covered  by  the  pruaary  windings,  connected  in  parallel;  secondary 
windings  are  connected  in  series  one  way  or  another  £3-5]. 

Page  173. 

We  tested  the  aock-up  of  the  version  of  the  peak  transforaer  which  is 
intended  to  utilize  in  IIU-30/250. 
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The  schematic  diagram  of  peak  transformer  is  given  in  Pig.  1.  It 
consists  of  the  circular  magnetic  circuits  whose  quantity  is  selected 
on  the  basis  of  the  necessary  voltage  on  secondary  winding.  Bach 
magnetic  circuit  is  covered  by  the  turns  which  are  connected  in 
parallel  and  they  form  the  primary  winding  of  transformer.  Secondary 
winding  covers  all  magnetic  circuits  and  voltage  on  it  it  i3 
determined  by  the  equality 

“a-  Nu,  , 

where  (Jt  -  voltage  on  the  primary  winding;  it  -  number  of  magnetic 
circuits;  02  -  voltage  on  secondary  winding. 

In  contrast  to  conventional  diagrams  [6]  in  this  diagram  it  is 
possible  to  realize  the  construction/design  of  transformer,  during 
which  is  accomplished/realized  a  good  transmission  of  the  shape  of 
pulse  and  at  the  same  time  easily  are  solved  questions  of 
insulation/isolation  of  secondary  winding,  application  of  voltage  on 
the  preheater  of  electron  gun  and  cooling  of  magnetic  circuits. 

For  the  purpose  of  the  unification  of  the  assemblies  of 
accelerator  for  the  peak  transformer  it  is  expedient  to  utilize 
inductors  of  the  accelerating  system.  Fig.  2  shows  the 
construction/design  of  the  peak  transformer  in  which  are  used  the 
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inductors  of  the  accelerating  system  LIB-30/250. 

Cores  are  performed  from  the  strip/fila  of  alloy  50SP  with  a 
thickness  of  10  jj  with  insulation/isolation  between  the  turns  from 
aagnesiua  oxide,  applied  ay  tae  lethod  of  cathophoresis.  Cores  are 
included  in  the  electrical  insulating  f raaeworks/bodies  of  glass-mica 
which  insulate  cores  froa  the  primary  winding  and  they  at  the  saae 
tiae  protect  thea  froa  the  aecaamcal  effects.  Cores  with  the 
fraaework/body  are  secured  in  tae  water-cooled  housing  froa  the 
aluainua  alloy. 

Inductors  are  collected  into  the  column  with  the  aid  of  the  stud 
bolts,  which  are  simultaneously  the  exterior  of  secondary  winding. 
Between  the  inductors  are  placed  packing  layers. 

Along  the  axis  of  asseabled  thus  coluan  passes  the  tube  which  on 
the  one  hand  is  secured  on  the  flange,  and  with  another  on  the 
insulator.  Thus,  tube  together  with  the  flange  and  the  stud  bolts 
foras  secondary  winding.  In  order  to  ensure  a  sufficient 
electro-insulation  between  the  central  tube  and  the  housings  of 
inductors,  the  internal  cavity  of  coluan  is  filled  with  transforaer 
oil.  For  supplementary  insuiaticn/isolation  between  the  inductors  it 
is  not  required,  since  the  busbars/tires  of  adjacent  inductors  are 
shifted  along  the  azimuth. 
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Fig.  1.  Schematic  diagram  of  peak  transformer.  1  -  circular  magnetic 
circuits;  2  -  turns  of  primary  winding;  3  -  secondary  winding  of 
transformer. 


/  2  J  «  S 


Fig.  2.  Construction/design  of  peak  transforner.  1  -  circular  cores; 
2  -  electrical  insulating  iraaeworks/bodies  of  cores;  3  -  primary 
winding;  4  -  housing,  water-cooled;  5  -  packing  layers;  6  -  stud 
bolt;  7  -  insulator;  8  -  tube;  9  -  flange;  10  -  volume,  filled  with 
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transforaer  oil;  11  -  interaedxata  conclusion/output. 

Page  174. 

The  supply  leads  of  the  preheater  of  gun  are  placed  within  the 
central  tube,  which  aakas  it  possible  to  forego  isolation 
transforaer.  During  the  use  of  a  transforaer  for  the  supply  of 
three-electrode  gun  frci  the  central  tube  is  done  the  diversion/tap, 
voltage  on  which  will  be  proportional  to  a  nuaber  of  included 
inductors. 

For  the  aock-up  of  peak  transforaer  were  utilized  eight 
inductors,  carried  out  with  the  use  of  epoxy  trowelling  coapound  [2]. 
Of  the  photographs  of  nocx-up  it  is  given  in  Fig.  3.  The  scheaatic 
diagraa  of  the  supply  of  transforaer  and  change  in  its  paraaeters  is 
given  in  Fig.  4.  In  the  aodulator  is  utilized  a  thyratron  of  the  type 
TGI- 1-2500/50  and  a  heterogeneous  foraing  line  on  the 
capacitors/condensers  PKGI-50-25000.  Hodulator  aakes  it  possible  to 
obtain  voltage  to  23  kv  and  coaauted  current  to  15  kl.  Voltage  froa 
the  aodulator  is  supplied  with  the  aid  of  the  cables  of  the  type  BK~ 
50-11-13  to  the  priaary  winding  of  transforaer.  During  the  first 
stage  of  testing  the  lead  was  imitated  >y  resistances  of  the  type 
TVO-60-51.  The  selected  rating  of  resistances  corresponded  to  beaa 
current  400  A.  In  the  second  -stage  to  the  transforaer  was  connected 
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the  three-electrode  electron  gun  from  cathode  of  which  drew  current 
to  700  km  In  this  case  to  the  grid  of  gun  was  supplied  the  voltage 
froa  the  diversion/tap  cf  transformer,  equal  to  5/3  froa  the  total 
voltage.  The  supplies  of  the  preheater  of  gun  it  was 
acconplished/realizad  froa  the  filament  transformer  with  the  aid  of 
the  conductor,  that  passea  within  the  central  tube  of  transformer. 
Demagnetizing  cores  was  accoapiished/realized  by  alternating  current 
with  voltage  up=*  12  y  and  current  *160  A  with  the  aid  of  the  special 
system  of  deaagnetizing. 

In  the  measurements  was  utilized  two- beam  oscillograph  of  the 
type  DSO-1.  While  conducting  of  tests  were  measured  the  voltages  on 
the  primary  winding  of  transformer  with  the  aid  of  the  divider,  the 
currant  through  the  thyratron  with  the  aid  of  the  Hogowski  loop,  the 
voltage  on  secondary  winding  with  the  aid  of  the  divider  and  the 
current  of  gun  with  the  aid  of  the  measuring  system  of  the  secondary 
current  of  transformer  and  Hogowski  loop. 

?ig.  5a  gives  the  oscillograms  of  the  pulses  of  the  voltage  of 
primary  and  secondary  windings  of  peak  transformer.  Upper  oscillogram 
is  the  pulse  of  voltage  on  the  inductor  (primary  winding),  lower  - 
the  voltage  pulse  in  secondary  winding  of  transformer,  oscillograms 
were  removed/taken  in  the  following  parameters:  charging  voltage  of 
forming  line  u9A«45  kv,  1^=19  kV,  o2=190  kv.  sweep  length  1.2  ps. 


DOC  =  30069313  PAG2  « 


Pig.  3.  Hock-up  o£  peak  transforaer. 


Pig.  4.  Schematic  diagxaa  of  supply  of  transforaer:  1  -  thyratron;  2 

-  heterogeneous  foraing  line;  3  -  transacting  cables;  4  -  priaary 
winding;  5  -  load  resistances;  6  -  intermediate  conclusion/output;  7 

-  filaaent  transforaer;  8  -  conductor;  9  -  systea  of  deaagnetizing; 
10  -  aonitoring  oscillograph;  11  -  divider  (resistances  TVO-20 , 
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coefficient  of  division  56)  ;  12  -  aogowski  loop  (it  is  carried  oat  on 
ferrite,  sensitivity  of  C.16  V/A) ;  13  -  divider  (resistances  TVO-10, 
coefficient  of  division  34J)  ;  14  -  measuring  systee  of  secondary 
current  of  transformer;  (chain/network  RC,  capacity /capacitance 
Ci-C2=8  p?,  R=0.  5  oha)  ;  15  -  aogowski  loop  (it  is  carried  out  on  the 
ferrite,  the  sensitivity  of  Q.2o  V/A). 

Page  175. 

The  analysis  of  oscillograms  snowed  that  the  durations  of  the 
flat/plane  part  of  the  impulses/ me meat a/ pulses  of  primary  and 
secondary  windings  coincide  and  ccaprise  at  the  level  G.95to,s=540 
ns.  The  analysis  of  leading  impulse  fronts  also  shoved  the  good 
coincidence:  =  200  ns,  in  both  iapulses/aoaenta/pulses. 

Pig.  5b  gives  the  oscillograms  of  current  pulses  through  the 
thyratron  (upper  oscillogram)  and  the  voltages  on  the  primary 
winding.  Oscillograas  were  reaoved/taken  in  the  following  parameters: 

I rr up  -*  ; o  kA,  5, =19  kV,  :ic  -  •'  kF,  sweep  length  1.2  ps,  the  duration 

of  gauging  markers  50  ns. 

The  prolonged  work  c£  transformer  shoved  the  high  reliability  of 
oil  insulation  of  secondary  winding.  Breakdowns  within  the 
transformer  were  not  observed.  It  was  established/installed,  that 
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filling  of  the  cavity  between  the  inductors  by  transforaer  oil  does 
not  sake  the  shape  worse  of  the  pulse  of  voltage  on  the  primary 
winding  of  transforaer.  In  bota  cases  the  duration  of  pulse  edge  was 
200  ns. 

The  results  of  testing  the  aock-up  aake  it  possible  to  recommend 
transforaer  for  the  high-voltage  supply  of  power  of  electron  gun 
LI 0-30/250.  It  is  necessary  to  nota  that  it  is  desirable  to  reduce 
the  duration  of  the  front/leading  and  trailing  edges  of  pulse  of 
voltage  since  bean  electrons  whose  energy  differs  from  nominal,  are 
lost  in  the  process  of  acceleration  and  only  in  vain  load  accelerator 
tube  Since  the  power  cl  ream  is  enormous,  too  the  great  losses  of 
electrons  can  lead  to  the  damage  of  accelerator  tube.  One  of  the 
possible  methods  of  shortening  the  duration  of  fronts  is  introduction 
to  the  secondary  circuit  of  the  controlled  key/vrench,  for  example, 
of  electron  tube.  In  this  case  it  is  possible  to  expect  that  the 
duration  of  fronts  will  be  s3 0  ns. 

In  the  preparation  cf  aock-up  for  the  testing  and  conducting  of 
neasureaents  besides  the  authors  participated  V.  I.  Kornev  and  k.  I. 
Pavlov. 
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Pig.  5a.  Oscillograas  of  the  voltage  paisas  on  the  primary  (upper 
curve)  and  on  secondary  windings  of  peak  transforaer  (a),  currant 
through  the  thyratron  (upper  curve)  and  the  voltages  on  the  prinary 
winding  of  peak  transforaer  (h) . 
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143.  COMBINATION  2-GAP  30NCHE1  WITH  DBIPT  TUBE  FOR  LINEAR  ION 
ACCELERATORS. 

Yu.  D.  Beznogikh. 

(Joint  Institute  for  Nuclear  Research). 

For  increasing  the  effectiveness  in  the  use  of  a  bean  of  the 
preinjector  between  the  linear  accelerator  and  preinjector  is 
established/inst ailed  high-frequency  buncher  -  the  single-gap 
resonator  of  klystron  the  function  of  density  distribution  of  charge 
according  to  the  cross  section  of  the  grouped  bean  has  vividly 
expressed  non uniformity  (it  is  naxinua  on  the  axis/axle  of  bundle  and 
drops  to  zero  when  a=*T-0>  where  z0  -  radius  of  beae)  , 
particle-velocity  distribution  in  the  section  of  the  drift  betveen 
buncher  and  entrance  of  lineac  accelerator  with  the  high  currents  of 
beae  aabiguously  connected  with  the  law  of  the  phasing  forces, 
prescribed/assigned  in  the  clearance  of  buncher. 
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As  a  result  appears  certain  uncertainty/indeterninancy  in  the 
selection  of  the  position  of  Puncher  and  anplitude  of  the  phasing 
voltage  on  the  clearance  of  buncner,  which  consists  in  the  fact  that 
the  paraaeters  indicated  are  aissiailar  for  the  particles, 
arranged/located  on  different  radar  over  the  beaa  section.  The 
uncertainty/indeterainancy  indicated  could  be  reaoved  under  the 
condition  for  the  naxiaui  approxaiation/approach  of  buncher  to  input 
part  of  the  resonator  cf  linear  accelerator,  but  in  this  case  for 
obtaining  the  optima  pnasing  of  tne  grouped  particles  to  the 
clearance  of  buncher  it  as  necessary  to  feed  so  large  a  voltage,  that 
the  part  of  the  particles  can  exceed  the  limits  of  the  separatrix  of 
linear  accelerator  due  to  the  large  spread  along  the 
iapulses/aoaenta/pulses  cf  the  bunched  particles. 

The  grouping  of  high-current  beaas  showed  a  noticeable  reduction 
in  the  effectiveness  of  single-gap  buncher  with  the  currents  of 
grouping  on  the  order  of  300-400  >A  [  1,  2]. 

tforks  indicated  give  the  experiaental  results  which  show  that 
with  the  work  with  the  buncher  the  current  n  the  output  of  linear 
accelerator  grows/rises  in  all  by  30-35o/o.  Bith  the  high  currents  of 
the  grouped  beaa  it  is  possibla  to  expect  an  even  larger  reduction  in 
the  effectiveness  in  the  work  cf  klystron  buncher. 


■  wsiSii/ffii  W  *** 
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DOC  =  80069314  PAGE  w 


Fig.  1  schematically  depicts  the  double-gap  buncher  with  the 
drift  tube  and  the  diagram  in  coordinates  which  elucidates  the 

work  of  buncher  ( £  -  electric  intensity  on  the  axis/axle  of  buncher) . 

Synchronous  particle  passes  the  electrical  center  of  the  first 
clearance  in  phase  •  Double-gap  of  the  type.  The  ef fectiveness 

of  such  buncher  which  is  arranged/located  usually  at  a  distance  on 
the  order  of  1  a  froa  the  inlet  of  linear  accelerator,  depends, 
generally  speaking,  on  the  intensity  of  the  grouped  beaa.  Since  the 
systea  of  buncher  is  calculated  in  such  a  way  that  the  second 
clearance  of  buncher  the  synchronous  particle  passes  in  phase 
<Ps.3“*y,  after  passing  path  froa  the  electrical  center  of  the  first 
clearance  to  the  electrical  center  of  the  second  clearance,  equal  to 
L'mkJisP*'-  Value  k  can  take  values  of  1.5;  2.5,  etc.  For  example,  for 
A  sp J  o,03483(  wv>  =  570ti*«  keV)  x-2.0d  a  and  k=1.5  we  obtain  L=10.8  ca. 


The  behavior  of  the  nonsyachronous  particles  (i.e,,  the 
particles  whose  phase  with  the  passage  of  the  first  clearance  of 
buncher  it  is  different  iron  -v/2)  is  shown  in  of  the  curves  of  Pig. 
2  for  one  of  the  versions  of  2-yap  buncher. 


Fig.  2  shows  the  curves  of  spread  the  iipulsos/aoaenta/pulses  of 
the  grouped  particles  in  coordinates  where  #2  -  phase  of 

particle  in  the  second  clearance  of  buncher. 


function  of  their  position  in  the  second  clearance  of  buncher. 

Curve  A P 2=^2 (*2)  characterizes  scatter  along  the 
impulses/aoaenta/puls^s  of  part  after  the  passage  of  the  second 
clearance  of  buncher. 

In  the  curves  is  not  shown  the  second  region  of  phases,  which  in 
effect  is  airror  iaage  relative  to  the  origin  of  coordinates. 

In  of  the  curves  of  Fig.  2  in  the  degrees  are  shown  the  phases 
of  particles  with  the  passage  by  thee  the  electrical  canter  of  the 
first  clearance  of  buncher. . 
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Thus,  the  particles  whose  phase  with  the  passage  of  the  first 
clearance  of  buncher  is  not  equal  to  ■? ,  obtain  in  the  first  clearance 
a  large  supplementary  energy  gain  (positive  or  negative) ,  in 
consequence  of  which  tie  aore  pnasiag  forces  confine  their  phase  to 
the  synchronous  phase  in  the  second  clearance  of  buncher,  whereas 
with  the  second  the  clearance  of  ouncher  produces  the  specific 
equalization  of  energies  of  all  grouped  particles  to  the  energy  of 
synchronous  particle,  leaving  their  phase  of  constant/invariable  in 
the  plane  of  the  electrical  center  of  the  second  clearance  of 
buncher. 

Consequently,  a  2-gap  ouncher  with  the  drift  tube  lakes  it 
possible  to  substantially  decrease  the  space  of  the  free  drift  of  the 
grouped  particles  between  the  buncher  and  the  linear  ion  accelerator. 
(This  space  it  is  deter ained  by  the  structural/design  possibilities 
of  the  approach  of  buncher  witn  the  input  part  of  the  resonator  LU) . 
This  raises  the  effectiveness  of  grouping  with  the  high  currents  of 
the  grouped  beaa,  since  the  Coulomb  forces,  which  block  the  phasing 
of  particles,  act  at  a  coaparati vely  snail  distance,  and  the  phasing 
forces,  which  appear  in  the  clearances  of  a  2-gap  buncher,  are 
substantially  aore  than  the  phasing  forces  in  the  clearance  of 
klystron  buncher. 


3ut  a  2-gap  buncher  with  the  drift  tube  as  single-gap  klystron 
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buncher,  possesses  that  def iciancy/laclc,  that 
structurally/construct urally  it  is  carried  oat  as  separate 
de vice/e quipaent  and  therefore  for  its  wort  it  requires  the  separate 
supply  of  power,  separate  phasing  device /equipnent  and  separate 
introduction/input  of  high-frequency  power  into  the  resonance  voiuae 
of  buncher. 

If  we  a  2-gap  buncher  structurally/constructurally  fulfill  as 
unit  with  the  resonator  of  the  linear  accelerator  whose  accelerating 
structure  is  a  usual  structure  of  the  type  of  Alvarez-Blyuetta,  then 
it  is  possible  to  arriv  at  the  diagraa  of  the  conbination  buncher, 
depicted  in  Pig.  3.  . 

In  Fig.  3  section  1  is  a  2-gap  buncher  with  the  drift  tube,  and 
section  II  is  the  accelerating  structure  of  proton  linear 
accelerator.  Thus,  the  accelerating  structure  of  linear  accelerator 
is  the  natural  continuation  of  2-gap  buncher,  since  the  buncher  and 
the  accelerating  structure  of  linear  accelerator  are  placed  in  one 
resonator.  In  this  case,  naturally,  there  is  no  need  for  in  the 
separate  supply  and  the  phasing  cf  buncher,  since  this  is  perforaed 
autoaatically  during  the  excitation  of  resonator  on  the  wave  of  the 
type  Eoto- 

On  the  synchrophasotron  of  the  J.I.B.R.  at  present  is  realized 
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the  aethod  of  accelerating  of  deuterons  and  a-particles  [3,  4],  As 
the  injector  is  utilized  the  proton  linear  accelerator  with  grid 
focusing  which  upon  the  acceleration  of  deuterons  and  a-particles  is 
transferrad/translated  into  the  aode/conditions  of  the  dual 
multiplicity  of  the  drift  of  the  accelerated  particles,  moreover 
voltage  on  accelerator  tube  of  preonjector  is  reduced  upon  the 
acceleration  of  deuterons  2  tames,  i. e. ,  to  285  keV.  uith  this 
voltage  sharply  deteriorate  the  paraaetars  of  the  injected  beaa,  as  a 
result  deuteron  output  current  of  linear  accelerator  also  descends. 
4ith  the  voltage  285  kV  on  accelerator  tube  of  preinjector  at  the 
output  of  linear  accelerator  was  obtained  deuteron  current  on  the 
order  of  200  in  the  iapulse/aoaentun/pulse.  In  connection  with  the 
fact  that  in  this  case  there  is  specific  possibility  to  raise  voltage 
on  accelerator  tube  of  preinjectcr,  were  realized  two  versions  of  the 
conbinad  2-gap  bunch er. 

Version  I. 

Injection  into  the  third  clearance  of  the  accelerating 
structure.  In  this  case  the  first  two  drift  tubes  were  taken/renoved 
and  replaced  by  new  ones  calculated  so  that  two  first  clearances 
would  fulfill  the  functions  of  a  2-gap  buncher.  The  required  voltage 
of  Injection  increased  to  400  kV.  In  this  case  the  injected  input 
current  in  the  aperture  cf  LU  increased  two  tiaes,  and  the 
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accelerated  output  current  of  LU  increased  4  tiaes  (800  pA) .  Thus, 
the  expected  effect  cf  an  increase  of  the  accelerated  current  2  tines 
from  the  action  of  buncher  was  confirmed  axperioentally. 

version  II. 

Injection  into  the  firth  clearance  of  the  accelerating 
structure.  The  first  fcur  tubes  of  the  accelerating  structure  were 
taken/removed  and  replaced  new  so  that  the  third  and  fourth 
clearances  would  fulfill  tna  function  of  buncher,  and  for  the  first 
two  clearances  the  factor  or  transit  tine  was  equal  to  zero. 

Therefore  the  first  two  clearances  of  particle  passed  without  the 
change  their  wave  energy,  in  the  third  and  fourth  clearances  they 
were  grouped,  and  resonance  acceleration  began  froa  the  fifth 
clearance.  The  required  voltage  of  injection  in  this  case  increased 
to  525  kV,  input  current  in  the  aperture  of  LU  -  2.5-3  tiaes,  and  the 
accelerated  output  current  of  LU  6  tiaes  (1200  pA) . 


.  Jll  11 
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Eig.  3.  Combination  2- gap  bunches:. 
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144.  MULTICHANNEL  SYSTEM  OF  CHABGING  AND  STABILIZATION  OP  POiEBPDL 
PHLSB  GENERATORS. 

A.  P.  Baydak,  I. , Ya.  Zhul‘,  A.  F,  Panov,  G.  I.  Silvestrov. 

(Institute  of  nuclear  physics  of  SO  AS  OSSB) . 

Tha  task  of  tha  charge  of  storage  battery  Ch  and  voltage 
regulation  on  it  is  not  new  and  successfully  solved  by  series/row  by 
the  author  [1],  but  for  the  case  of  supply  froa  the  individual 
single-phase  full- wave  rectifier  and  at  the  aaxiaua  repetition 
frequency  of  cycles  the  "charge-discharge"  of  the  unit  of  the  hertz. 

During  the  development  of  the  power-supply  systea  of  the 
eleaents/cells  of  electron-optical  channel  on  the  complex  vepp-3  it 
was  decided  to  supply  without  pulse  generators  froa  one 
general/coaaonAotal  powerful  power  supply.  Per  this  purpose  was 
developed  Multichannel  systea  of  charge  and  voltage  regulation  on  the 
storage  capacities/capacitances  of  all  pulse  generators.  In  this  case 
essential  attention  was  given  the  possibility  of  the  work  of  systea 
froa  the  source  of  peraanent  high  voltage  with  any  degree  of 


i 


■ 


5.  Haxiame  energy  content  cf  aach  oscillator  Wmoot  =30  with 

general/coeeon/total  anargy  content  of  all  oscillators  ws  “  100  of  <J. 


6.  Stability  of  aaintenancs  of  roltage  AUC  -  s-io^u 

M  c„ ' 


7.  Supply  of  power  -  rectitier  on  transformer  P*400  of  k?A 
Eu-iokY  on  diagrai  of  iarioaov  on  diodes  VKDL-150  -  9  kl« 


Block  diagra*  of  channel. 
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The  operating  principle  can  be  examined  on  the  block  diagram 
Pig.  1.  From  the  common  source  into  the  rectified  voltage  through 
charging  resistor  and  high- voltage  part  of  diagram  c,cm  it  charges 
storage  capacity/capacitance 

Voltage  u8*.  proportional  ue„»  removed  from  the  lower  part  of  the 
divider  UD,  enters  comparator  -  comparator  2  in  the  electronic 
control  unit  SB,  where  it  is  compared  with  reference  voltage  'uon  from 
the  special  source. 

By  the  impulse/mcaentum/pulse  from  the  external  synchronizing 
unit,  which  comes  the  trigger  through  the  shaper  and  the  thyristor 
amplifier  is  opened/disclosed  the  passage  device/equipment,  through 
which  occurs  rapid  charge  cM.  the  moment  of  the  comparison  of  the 
voltage  of  divider  with  the  supporting/reference  the  comparator  puts 
out  pulse  train  on  amplifier  3  (see  Pig.  1) .  By  the  first 
impulse /momentum /pulse  is  inverted  trigger  and  impulse/aoaentun/pulse 
through  the  thyristor  amplifier  it  starts  the  quenching  circuit  of 
passage  device/equipment.  Quenching  circuit  instantly  ceases  rapid 
charge  cH. 
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Fig.  1.  Block  diagram  of  channel.  1  -  reference-voltage  source;  EB  - 
electronic  component;  2  -  comparator;  3  -  amplifier;  4  -  trigger;  5  - 
shaper;  6-8  -  thyristor  output  amplifiers;  C-Cm  -  is  high-voltage  the 
strut  of  stabilization;  9  -  gue:ncMng  circuit;  10  -  passage 
device/equipment ;  11  -  contour /outline  of  the  discharge/break;  UD  - 
controlled  divider;  12a,  12b  -  electromechanical  devices/equipment  of 
the  rotation  of  potentiometer  and  switch;  13  -  device/equipment  of 
parametric  stabilization;  14  -  charge  water  resistance;  v  - 
recti £ ier- 


Key;  \  >) .  Departure/attendance  of  current  or  beam. 


Page  179 


DOC  »  30069314 


pass  hjHT 


Pulse  train  from  comparator  coses  through  the  amplifier  the 
startiag/launchiag  of  the  device/equipment  of  discharge/break,  which 
accoaplishes/realizes  voltage  regulation  ucM  by  the  aethod  of  the 
portion  discharge/break  of  excessive  charge  [1], 


High-voltage  part  ot  the  system. 


The  schematic  diagram  of  the  high-voltage  part  of  the  channel  of 
stabilization  is  shown  in  Fig.  2.  the  rapid  charge  of 
capacity/capacitance  is  conducted  through  the  passage 
device/equipment  -  a  thyratroa  of  the  type  T81-6/15  (Lj),  which  by 
trigger  pulse,  which  enters  from  thyristor  amplifier  SB  through  the 
joint  82. 


The  principle  of  extinguishing  is  characterized  by  simplicity 
and  reliability  in  operation;  at  permits  implemention  of 
extinguishing  Lt  with  any  value  Aua«eu-uCh  0n  the  anode  of  passage 
thyratron. 


At  the  moment  of  time  tt  (see  Fig.  3)  through  joint  R,  enters 
the  trigger  pulse  of  guenching  circuit,  which  ignites  at 
moment/torque  t2  lamp  T,?.  Since  the  voltage  on  capacitor  Ct  is  equal 
to  zero,  point  h  (anode  proves  to  be  under  the  potential,  which 
falls  in  the  gap/interval  the  anode-catnode  L2  which  for  the  case  of 


vs*** *  • 
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thyratron  T81-6/15  is  -30  xa.  Thus,  at  the  aoaent  of  time  t*  point  V 
(cathode  Lt)  proves  to  he  actually  under  voltage  ucH>  applied  in  the 
opposite  direction.  Logically,  the  current  through  Lt  ceases 
(aoaent/torque  t2,  Fig.  4).  The  tiae  of  extinguishing 
ttoiu3' ti~ti  “  200ns  is  deterained  ia  essence  by  the  tiae  of  ignition 
L  *• 


At  aoaent/torque  tj  the  anode  Lt  proves  to  be  under  the 
potential  of  cathode.  Further  the  potential  of  the  anode  Lt  becomes 
aore  than  the  potential  ox  cathode  and  extinguishing  condition  ceases 
to  be  performed.  Consequently,  for  the  reliable  extinguishing  of 
passage  thyratron  it  is  necessary  that  the  time  At=t3-t2  would  be 
aore  than  the  deionization  tiae  ,  which  for  TB1-6/15  depending  on 

taking  place  through  it  at  the  aoaent  of  extinguishing  current  is 
5QG-100  as. 


Thus,  time  t,  deterained  frca  the  condition 


“c- Eu[l —UC|1, 


(D 


'*■'?*#*  - 
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»ust  be  ^reaAer  ^Wioa> 


'geuoH  • 


t  „  ucH 

=  en  —  , 

1  cu 


t  =  t,  ir\ 


i 'cn  £u  >  tgeuoH  >  (3) 


I 

I 


where  v,=3il3Ct.. 

froa  (3)  it  ia  evident  that  the  value 

t  is  directly  connected  with  value  Ct.  ror  the  reliability 
^  ”  2tgeuoH  *  then 


»e  take 


3R  C.  in  -P-  =,  2t 
31  Eu  4  geuoH 

2-fc 

c  =  gguoH 

1  3R3en-^i- 


,<vlri,^W58asSj(8@8a«j'¥." 
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Pig.  2.  Schematic  diagram  multichannel  system  of  charge  and 
stabilization  of  pome rful/t hick  pulse  generators,  ai  -  inlet 
"starting/launch  i.ng  of  goenching  circuit";  H2  -  inlet 
"starting /launching"  of  passage;  S3  -  inlet  "discharge/break". 


Ke'r\  (1),  Cabinet  of  water  charge  resistor.  (2).  kv.  (3).  From 
temporary  source.  ( h) .  High-voltage  rack  of  stab!  .ization  system.  (5). 

”0  st  ora  re.  (6).,r. 
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In  order  to  ensure  efficiency  of  diagram  in  entire  range  of 
regulating  uCh  relatively  Eu>in  condition  (5)  it  is  necessary  to 
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substitute  ucHmin  and  tgeuow  mux-  finally 

2t, 


c,= 


*  geupH.  mox 

UCh  mtn 


3R3£n  — ^ 


(6) 


Shunting  of  C4  by  resistor  fi3  is  conducted  for  the  discharge  between 
the  cycles  of  charge.  Value  a3  we  select  fro»  the  conditions  so  that 
Ct  would  manage  to  be  dascnargea  between  the  cycles  and  at  the  same 

was  less  than  the  current  of  combustion  Lz 
(on  the  order  of  50  z&} .  Value  fi3,  or  more  precisely  time 


tiae  current  a  =  _iL 


t'=  3c2-3R3C, 


(7) 


determine  the  aaxiaua  operating  speed  of  the  entire  high-voltage 
circuit  as  a  whole: 


4-  max  t  +  +  '  • 

u3ap  T  L 


(8) 


In  the  presence  of  .  cuperation  the  diagram 

worts  with  =.25  Hz  to  accuaulator/storage  c  =  iso  pF.  But  on 
sufficiently  great  capacities  C(j  and  levels  ucH>  considerably  less 
for  prescribed/assigned  frequency  Eu>  can  cease  to  be  satisfied  the  ^ 
condition  (8) .  Then  it  is  necessary  to  replace  Ba  with  chain/net wort 
from  the  necessary  resistance  and  xey/vrench  (thyratron).  Thyratron 
L*  goes  out  when  uc^  =;  Eu.  After  this  it  is  possible  to  open/ disclose 
tey/wrench.  How  value  H3  will  be  limited  only  by  the  permissible 
current  through  the  tey/wrench. 


Schematic  diagram  of  electronic  component. 


The  f ull/total/coaplete  schematic  diagram  of  electronic 
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component  is  given  in  Fig.  5.  Besides  the  basic  nodes/units,  isolated 
on  the  block  diagraa,  it  contains  the  serias/row  of  ancillary 
circuits  (protection  circuit  I4,  Ts,  check,  etc.)  .  One  should 
somewhat  stop  in  the  diagraa  of  ccaparison  and  its  functions.  As  the 
elenent/cell  of  coapariscn  is  used  a  diode-regenerative  comparator  to 
T t  [2  ]  with  the  threshold  of  functioning  U„  c=  5-io”3  in  un.c  it  changes 
to  2*10  *'3  V  in  the  range  of  teaperatures  of  10-60®C.  As  is  known, 

work  U  of  comparator  is  based  on  the  blocking  process  in  the 
presence  AUs*  “  u8x~  uon  >  un.c  •  After  comparison  the  coaparator  puts 
out  the  sequence  of  iapuises/aomenta/pulses  as  function  fro®  value 
&u6x  in  the  range  of  frequencies  froa  the  unit  of  the  hertz  to 
certain  F^<n)ax  with  that  determned  hu8x  »un.c.  Latter/last  property 
aade  it  possible  to  utilize  a  comparator  as  the  assigning  pulse 
generator  for  the  starting/launching  of  the  key/wrench  (L3)  of  the 
contour/outline  of  discharge/break. 

Dependence  of  Fk»f(AUgx)  and  wide  frequency  band  Fk=(iiiooo)  H* 
wade  it  possible  siaply  to  carry  out  stabilization  uC(.  in  entire 
range  eu. 

Reference-voltage  source. 

Relation  is  equivalent  to  relation  .  On  the  basis  of 

ucM  uon 

n 

permissible  instability  -rr^-  =5-io^  we  find 

ucm 
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Taking  into  account  the  series/row  of  the  destabilizing  factors, 
accepted  u0n=“  100  y.  Reference- voltage  source  is  carried  out  in  the 
form  of  two-stage  paraaetric  stabilizer  with  the  output  stage  on  12 
stabilitron  tubes  D8  18Y«. 


Tha  high-voltage  part  aultichannel  stabilization  systea  is 
structurally/construct urally  carried  out  in  the  fora  of  the  separate 
interchangeable  struts.  The  supply  of  accuaulators/storaga  froa  the 

i 

coaaon  source  aade  it  possible  tc  combine  the  inputs  of  all  charging 
resistors,  and  us a  as  the  active  eleaent/cell  of  usual  industrial 
water  (p=3  kQ/ca3)  aade  possiole  to  replace  the  set  of  bulky  struts 
with  compact  cabinet.  Structurally,  separate  resistance  is  aade  in 
the  fora  of  beaker  froa  fiberglass.  Contact  is  accoaplished/realized 


through  the  metallic  flanges.  Resistance  by  the  aethod  of 
commutations  easily  is  changed  in  the  range  froa  B0  do  4R0  through 
the  unit,  and  by  the  aethod  of  the  introduction  of  inserts/bushings 
to  beaker  into  dozens  cf  tiaes.  The  continuous  current  of  water  aakes 


it  possible  to  scatter  the  order  50  k»  of  active  power  on  the 
separate  resistance. 
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?i3.  3.  Pig.  4. 

Pig.  3.  Tiie  graphs  of  electrode  voltages  of  passage  thyratron  Lt:  a) 
voltage  of  anode;  b)  voltage  cathode-anode;  c)  voltage  of  cathode. 

Pig.  4.  Tine  graph  of  charging  rata. 

Page  181. 

Although  during  operation  all  components/links  of  system  are 
connected  together,  their  functions  are  clearly  demarcated,  which  is 
especially  important  with  the  large  mult ichanne led  effect. 

The  tests  of  stabilizer  showed  that  in  the  static  behavior  the 
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instability  of  voltage  on  capacity/capacitance  -  5>io*5  in  12 

uch 

hours.  The  drift  of  voltage  nithin  this  tiae  comprised  -5«10*4. 
During  the  cyclic  discharge  of  capacity/capacitance  5-io~4.  Tiae 

ucM 

of  the  output  of  systea  to  the  aode/conditions  -1  hours. 
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Fig.  5.  The  scheaatic  diagraa  of  electronic  control  unit  B4  -  output 
"discharge/break **;  R5  -  output  “extinguishing1’;  H6  -  output  the 
"starting/launching "  of  passage. 


v. 

Key;  (1).  Trigger  pulse.  (2).  (3).  Power  supply  unit.  (4).  Cont. 

(5).  Packet.  (6).  Discharge/break.  (7).  Pulse  extinguishing-  (8). 
Pulse  starting/launching. 


ft^cerces. 

1.  V.  P.  Romanovskiy  and  et.  al.  "Charging  Device".  Author’s 
Certificate  No.  251078. 

Byull.  izobret.  i  tov.  znakov  [Bulletin  of  Inventions  and 
Trademarks].  1969,  No.  27. 

2.  A.  P.  Stakhov.  Study  of  a  Balance  Diode  -  Regenerative 
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seriya  VII,  str.  82. 
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Targets,  separation  and  transportation  of  beams.  Input  and  output. 


145.  OUTPUT  OF  THE  PROTON  BEAM  OP  THE  SYNCHROCYCLOTRON  OP  THE 
PHYSICOTECHNICAL  INSTITUTE  OF  THE  ACADEMY  OP  SCIENCES  USSR  5ITH 
PROTON  ENERGY  OF  1  GeV. 

N.  K.  Abrosimov,  V.  A.  Vcicheaxov,  V.  A.  Yeliseyev,  G.  A.  Ryabov,  N. 

N.  Chernov. 

(Physiotechnical  institute  ia.  A.  P.  Joffe  of  the  AS  USSR). 

The  output  unit  of  synchrocyclotron  on  1  Ge?  [ 1  ]  is  nonlinear 
regenerative  system  [2].  During  the  design  of  leading-out  system  was 
taken  into  consideration  the  real  spectrum  of  the  amplitudes  of 
radial  and  bouncing,  vhicn  made  possible  to  design  for  computers  the 
emittance  of  beam  at  the  inlet  into  magnetic  pipe  and  to  design 
channel  as  optical  circuit  under  the  prescribed/assigned  emittance  of 


beam. 
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◦n  the  basis  of  the  calculations  conducted  for  an  increase  in 
the  effectiveness  of  ccnclusion/output  was  accepted  the  number  of  the 
aeasures:  was  selected  the  optimum  inclination/slope  of  the  inlet  of 
channel,  are  considerably  expanded  the  apertures  of  channel,  all 
sections  of  channel  -  focusing,  and  value  and  sign  of  the  gradients 
of  channel  were  selected  iron  conformity  condition  for  the  radial  and 
vertical  eeittances  of  beam  with  the  acceptance  of  channel. 
Furthermore  is  increased  the  effective  aperture  of  the  magnetic  field 
of  regenerator,  which  ler.  to  the  decrease  of  the  losses  of  particles 
due  to  the  heterogeneity  of  field  on  the  vertical  line.  The  schematic 
of  output  unit  is  represented  in  Fig.  1.  Magnetic  pipe  consists  of 
five  curvilinear  sections  which  are  fastened  to  the  C -shaped  frame. 
Praae  can  remotely/distance  be  moved  within  the  acceleration  chamber 
without  the  deterioration  in  vacuum.  The  position  of  each  section 
within  the  frame  can  be  regulated  on  +-25  mm,  also  without  the 
deterioration  in  vacuum.  ?n  cross  section  of  the  basic  plates  of 
sections  and  the  magnetic  field  of  sections  are  represented  in  Fig. 

2. 


The  calculation  of  the  emittance  of  beam  was  conducted  employing 
procedure,  analogous  that  described  in  worts  [3,  4].  For  it  is  tenth 
and  the  values  of  the  amplitudes  of  radial  oscillations  with  the  aid 
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of  the  computers  was  located  the  radius  or  energy  of  particle,  after 
vhich  ceases  the  precession  ana  begins  the  building  up  of  radial 
oscillations  with  the  faxed/recorded  node/unit  whose  position  is 
deterained  by  regenerator,  consecutive  trajectory  calculation  with 
different  amplitudes  of  radial  and  bouncing  froa  a  radius  of 
regeneration  to  the  inlet  into  aagnetic  pipe  gives  radial  and 
vertical  phase  beaa  areas  at  the  duct  inlet.  The  account  of  the 
distribution  of  a  nuaber  of  particles  according  to  the  aaplitudes  of 
betatron  oscillations  lakes  it  possible  to  obtain  besides  phase  area 
even  and  density  distr inutioa  of  particles  in  the  phase  space. 
Density  distribution  of  particles  in  the  radial  phase  space  was 
obtained  taking  into  account  the  vertical  notion.  This  aade  possible 
to  determine  the  direction  of  the  radial  aotion  of  basic  part  of  the 
particles  and,  in  accordance  wxth  this,  to  select  the  optiaua 
inclination/slope  of  the  inlet  of  channel  to  the  final  circular 
orbit,  for  the  axial  particle  for  aagnetic  pipe  was  accepted  the 
point  by  the  phase  area,  which  corresponds  to  aaxiaua  particle 
density  in  the  radial  phase  space.  Selected  thus  axial  particle  of 
channel  has  in  the  process  of  acceleration  the  betatron  radial 
oscillations,  different  froa  zero. 
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Bulk  of  particles  i3  derived/concluded  with  the  incomplete  energy  and 
with  the  radial  inlet  velocity  into  magnetic  pipe  of  larger  (-1.5 
times) ,  than  for  the  particle,  which  does  not  have  radial 
oscillations.  Because  of  this  channel  it  aust  be  arranged/located  at 
large  angle  to  the  final  circular  orbit,  which  lakes  it  possible  to 
utilise  within  the  channel  snaller  field  weakenings.  The  introduction 
to  axial  trajectory  of  channel  lakes  it  possible  to  linear 
approxiaation/approach  to  separately  exaaine  the  deflecting  and 
focusing  properties  of  channel  and  respectively  weakening  and 
focusing  gradients  of  sections. 

Field  weakenings  within  the  sections  are  selected  by  such  that 
the  axial  trajectory  of  beaa  of  particles  at  the  output  of  channel 
would  acquire  radial  coordinate  and  velocity,  necessary  for  the 
incidence/inpingeient  particles  after  the  passage  of  the  scattered 
field  at  the  center  of  the  sergeant  of  the  relief  of  aagnet.  During 
the  analysis  of  the  focusing  properties  of  aagnetic  pipe  was  exaiined 
entire  circuit  of  wiring  the  bundle  which  consists  of  aagnetic  pipe, 
stray  field  of  accelerator,  suppleaentary  radial-focusing  section  of 
the  stray  field  out  of  accelerator  chaiber  and  triplet  of  lenses 
HL-ZA.  Value  and  sign  of  the  focusing  gradients,  and  also  necessary 
apertures  of  sections  were  selected  by  program  THA HP.  The  focusin  . 
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sections  were  represented  m  the  for*  of  lenses,  and  the  optical 
properties  of  stray  field  near  the  axial  trajectory  were 
appro xiaately  assigned  by  sequence  of  eight  guadrupols  lenses.  As  a 
result  of  these  calculations  for  an  increase  in  the  channel  capacity 
there  were  increased  the  radial  and  vertical  apertures  of  channel  and 
was  introduced  focusing  into  all  sections  {Fig.  2). 

The  expansion  of  the  gacaetric  aperture  of  regenerator,  i. e. ,  an 
increase  in  the  region  of  unifora  in  the  vertical  line  field,  leads 
to  the  identical  radial  aotion  cf  particles  with  different  bouncing. 
An  increase  in  the  saallest  aperture  of  regenerator  to  80  aa  with  the 
preservation  of  value  j’ABde  was  ontained  due  to  the  selection  of  the 
adequate/approaching  configuration  of  iron  and  increase  in  the 
aziauthal  length  of  regenerator  to  0.2  rad  {Fig.  3)  .  The  law  of  a 
change  of  the  field  of  regenerator  in  the  dependence  on  a  radius  can 
be  approxinately  represented  in  the  fora  I  A8d0-  Qt23(R-R0)  +q,054(R-  R0)a 


Pig.  2.  Cross  section  of  sections  and  aagnetic  field  in  sections,  a) 
the  first;  b)  the  second;  c)  the  third;  d)  the  fourth  and  fifth 
sections;  e  -  supple  Bentary  section.  Point  0  -  the  optical  axis  of 
section.  Weakenings  in  the  sections  are  respectively  equal  to  650, 
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3479,  4000^  2600,  0  (G)  .  Gradients  of  sections  540,  150,  0.  800,  400 
(G/ca) .  Total  gradients  in  the  tield  of  accelerator  450,  -250,  -225, 
540,  360  (G/ca).  KEY:  (1)  kG. 

Pig.  3.  Section  of  magnetic  eleraents/cells  of  regenerator  and 
Magnetic  field  of  regenerator  jABd9  (G*rad)  .  KEY:  (1)  G/rad. 

Page  184. 

The  expansion  of  the  apertures  of  channel  with  the 

retention/preserwation/maintainxng  of  weakening  and  gradients  within 
the  sections  is  possible  only  due  to  an  increase  in  the 
sizes/d iaensions  of  the  plates  or  channel,  which  caused  supplementary 
difficulties  during  the  coapensation  for  the  action  of  channel  in  the 
region  of  normal  acceleration.  Magnetic  measurements  were  performed 
with  the  aid  of  the  equipaent,  which  made  it  possible  to  carry  out 
the  automatic  installation  of  sensors  and  recording  the  results  of 
measurements  [4].  Field  measurements  were  made  by  nuclear 
■agnetoaeter  and  magnetometer  on  the  basis  of  the  thermostatically 
controlled  Hall  pickup.  Median  measurements  were  made  with  the  aid  of 
two  wertically  oriented  Hall  pickups.  During  the  first  stage  each 
section  was  shimmed  separately.  After  the  assembly  of  the  separately 
shimmed  sections  and  exposure  of  channel  with  the  aid  of  the  filament 
with  the  current  along  the  axial  trajectory  was  conducted  the 
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shiaaering  of  channel  as  a  whole  with  the  aid  of  the  shims,  which  lie 
on  the  aagnet  poles  for  the  compensation  for  foraed 
failure/dip/trough  of  field  by  value  to  300  G  all  over  length  of 
channel.  The  region  of  shimmering  occupied  along  aziauth  of  90°  and 
on  a  radius  froa  200  tc  325  ca.  As  a  result  of  shiaaering  the 
fundamental  harmonic  of  field  comprised  2-3 *10*  to  a  radius  of  325 
ca,  i.e.,  to  the  radius,  distant  on  2  ca  behind  the  plate  of  the 
first  section. 

For  the  adjustment  of  the  system  of  conclusion/ocrtput  on  the 
beam  was  utilized  the  following  eguipaent:  tester  with  saall 
ionization  chamber  for  the  study  of  the  throw/excess/overshoot  of 
particles  into  the  channel,  four  testers  between  the  sections  for 
obtaining  the  radio-signatures  of  the  beam  within  the  channel, 
theraocouple  tester  for  team  measurement  within  the  chaaber/caaera 
and  at  the  output  of  channel,  ionization  chamber  with  a  diameter  of 
15  cm,  arranged/ locate d  at  a  distance  of  ~5  of  a  from  the 
chaaber/caaera,  luminescent  screens  for  the  visual  observation  with 
the  aid  of  the  television  eguipraent.  Was  observed  critical  dependence 
of  coaclusion/output  on  the  current  in  the  supplementary  winding, 
which  makes  it  possible  to  regulate  the  position  of  median  plane.  The 
radio-autographs  of  beam  are  shown  in  Fig.  4. 


The  obtained  at  present  coefficient  of  conclusion/output 
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composes  25o/o  at  the  intensity  of  the  emitted  beam  of  6,  101* 
part./s.  The  density  of  team  in  intermediate  focus  2. 1011 
part./ca2s,r  divergence  0.1°. 
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Fig.  4.  Radio-autographs  ox  beam,  a)  on  tester  2;  b)  on  taster  4;  c) 
cn  tester  5;  d)  in  the  inter aedi ate  focus. 
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146.  SYSTEM  OP  SAPID  BEAM  DBOPPI MG  08  THE  TARGET  IN  THE  ACCELERATOR 
CF  THE  INSTITUTE  OF  HIGH-ENERGY  PHYSICS  VITH  ENERGY  OF  70  GeV. 

V.  I.  Gridasov,  3.  A.  Zelenov,  c.  V.  Kurnayev,  E.  A.  Barker,  K.  P. 
Nyznikov,  N.  M.  Tarakanov.  (Institute  of  high-energy  physics). 

On  the  accelerator  c£  the  IF VS  the  generation  of  short- tera 
particle  aoaenta  for  the  experimentation  with  bubble  chaabers  is 
acconplished/realizeu  with  the  aid  of  the  rapid  discharge/break  of 
the  accelerated  beaa  to  internal  target.  For  these  purposes  is 
utilized  known  aethod  [1],  which  consists  of  the  creation  of  a 
rapidly  growing  through  tine  aagnetic  field  in  the  special  deflecting 
aagnet,  arranged/located  in  straight  section.  The  special 
faatura/peculiarity  of  the  described  system  lies  in  the  fact  that  in 
it  is  used  the  slow  ircr  aagnet  with  rise  tiae  of  aagnetic  field  of 
approxiaately  1  as.  Since  for  the  works  with  the  chaabers/caaeras  is 
required  the  very  saall  intensity  of  secondary  particles,  it  proves 
to  be  sufficient  to  aia  at  the  target  only  the  part  of  the 
accelerated  beaa.  Guidance  to  the  target  ceases  on  the  signal  of 
reverse  froa  the  band,  that  corresponds  to  the  prescribed/assigned 
number  of  particles  in  bubble  chamber.  Combination  relative  to  slow 
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kicker  with  the  dosing  apparatus  makes  it  possible  to  obtain  a  stable 
froa  one  cycle  to  the  next  number  of  particles  in  the  chaaber/camera 
during  the  tiae  interval  by  duration  into  several  hundred 
microseconds.  On  the  other  hand,  tais  decision  considerably 
simplifies  the  design  concept  of  system  and  its  electrical  diagram. 

The  dependence  between  the  deflecting  force  of  magnet  and  the 
beam  displacement  on  the  aziauta  ox  target  relied  on  computers  talcing 
into  account  the  objective  parameters  of  the  magnetic  field  of 
accelerator  employing  tne  procedure,  presented  in  work  [2]-  As  an 
example  Pig.  1  gives  the  x'orn  of  the  distorted  orbit  in  the  region  of 
target  location  with  the  connected  kicker  by  the  force  of  1.5  kOe*m. 
Pig.  2  shows  the  dependence  of  the  amount  of  beam  displacement  on  the 
azimuth  of  target  from  the  frequency  of  radial  betatron-  Utilizing 
two  magnets,  the  shifted  along  the  azimuth  relative  to  each  other 
distance,  multiple  of  quarter-wave  length  betatron  oscillations,  it 
is  possible  by  the  appropriate  selection  of  currents  in  them  to 
obtain  the  necessary  divergence  for  any  azimuthal  target  location. 

Tfca  operating  range  ox  targets  on  a  radius  in  the  accelerator  of 
IPVE  is  4—5  cm.  In  order  to  reduce  to  a  minimum  the  necessary  force 
of  the  kicker,  rapid  beam  spill  to  the  target  is 
accomplished/realized  into  two  stages.  During  the  first  stage  the 
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accelerated  beau  is  fed  to  the  target  with  the  aid  of  the  slow  system 
of  the  excitation  of  local  magnetic  bump  in  the  boost  clusters  [3]. 
This  system  is  switched  cn  it  ic  advance  and  creates  the  necessary 
beam  displacement  on  the  azimuth  of  target.  Then  with  the  aid  of  the 
kicker  is  created  rapid  crbit  distortion  and  beaa  is  discarded  to  the 
target.  For  obtaining  the  necessary  intensity  in  the  chaaber/caaera 
it  proves  to  be  sufficient  to  produce  rapid  displacement  to  the  value 
smaller  than  the  diameter  of  oeam,  which  coaposes  several 
williaeters.  The  remaining  part  of  the  beam  consistently  is  aimed  at 
other  targets,  with  the  aid  of  which  are  conducted  the  experiments, 
which  use  a  calculating  procedure. 

The  pulse  c-shaped  aagn  jz  with  a  length  of  1  a  is  glued  from  the 
sheets  of  transformer  steel  with  thickness  of  0.5  am.  The 
measurements  conducted  showed  that  during  the  location  in  magnet  gap 
of  vacuum  chamber  of  the  stainless  steel  with  wall  thickness  of  0.4 
mm  the  magnetic  field  within  it  at  the  frequency  of  1  kHz  is 
veakened/attenuated  not  wore  that  by  5o/o.  These  data  will  agree  well 
with  the  calculations,  carried  cut  employing  procedure  £4].  On  this 
basis/base  the  magnet  was  placed  out  of  vacuum  chamber,  which  made  it 
possible  to  avoid  complicated  constructive  solutions. 

The  schematic  of  the  power-supply  system  of  the  kicker  is  given 
in  Fig.  3.  It  encompasses  the  stabilized  controllable  rectifier. 
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Energy  storage  occurs  in  the  gap/interTal  between  the  cycles  of 
acceleration  in  capacitor  ban*  Ct.  Proa  the  impulse/moaentum/pulse, 
accurately  synchronized  with  the  accelerator,  proceeds  the  discharge 
of  the  battery  through  Xey/wrench  T4  to  the  winding  of  magnet.  The 
special  feature/peculiarity  of  diagram  is  the  possibility  of  the 
inclusion  of  current  in  the  magnet  with  the  aid  of  the 
device/equipment,  which  doses  the  intensity  of  the  particles, 
discarded  to  the  target.  As  the  sensors  of  intensity  are  utilized 
counters  Cw  C2,  C3  (Fig.  2)  ,  eszablished/installed  in  the  channel 
focusings  of  secondary  particles. 
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fig.  1.  Section  of  distorted  omit  of  IS  -  «c*er:  a  -  targe':. 
Fig.  2.  Dependence  of  tea.  displace.. nt  in  legion  of  location  of 
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Fig.  3.  The  system  block  diagram  of  the  supply  of  the  winding  of 
magnet  with  dosing  apparatus  C1#  C2,  c3  -  scintillation  particle 
counters;  +t,  *3  -  shapers;  3  cc  -  triple  coincidence  circuit;  P 

-  fan-out;  PS  -  conversion  system;  DO  -  dosing  apparatus;  BO  - 
control  unit;  OF  -  a nplifier -shaper;  BIP  -  unit  of  the 
iapulses/nonenta/pulses  of  ignition;  BFO  -  unit  of  phase  control;  OOS 

-  feedback  amplifier. 

Key;  (1).  7.  (2).  External  synchronization.  (3).  Discharge/break. 

Page  186. 

They  are  connected  through  the  shapers  F  with  the  triple  circuit  of 
coincidence  3  cc,  from  output  of  which  the  impulses/acaenta/ pulses 
enter  the  fan-out  R.  All  units  of  rapid  electronics  are  carried  out 
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on  the  standard  aoduli/acdules,  accepted  in  IFVE  [5].  Fro*  one  output 
of  fan-out  R  the  iapulses/acmenta/pulses  enter  the  scaler  PS  with  the 
naxiaua  speed  of  count  10  aiiz,  as  which  is  utilized  an  industrial 
instruaent  of  the  type  £P-9.  *"roa  the  second  output  of  fan-out  the 
iapulsas/aooenta/pulses  enter  the  dosing  apparatus  which  consists  of 
input  unit  of  shaper  and  three  decades/ten-day  periods,  constructed 
according  to  systea  1- 2-4-8.  Potential  outputs  fro*  the  triggers  are 
brought  out  to  the  switch  for  the  establishment  of  the  threshold  of 
liaitation  according  to  count  [6].  lapulse/aoaentua/pulse,  that 
corresponds  to  the  prescribed/assigned  level  of  count,  is 
differentiated,  is  amplified  and  rs  f oraed/shaped  with  the  unit  of 
uv.  The  unit  of  control  8U  acco a plishes /realizes  setting  of  the 
necessary  tiae  interval  of  functioning  units  DO  and  PS,  and  also  a 
discharge/brealc  of  readings  of  the  scalers  of  these  units. 

Ia pulse/«o*entu*/pulse  froa  the  output  of  the  dosing  apparatus 
through  the  unit  of  oF  enters  the  unit  of  the  ignition  of  thyristor 
key/wrench  T3  and  are  cpened/disclcsed  it.  in  order  to  decrease  the 
decay  tiae  in  the  current  in  the  aagnet,  with  its  circuit  is 
connected  the  additional  capacity/ capacitance  C2*  This  aeasure  aada 
it  possible  to  increase  the  velocity  of  the  reaoval/dlversion  of  the 
accelerated  beaa  froa  the  target  and  led  to  the  clearer  work  of  the 
systea  of  dosage. 


Were  carried  out  the  experiaental  tests  of  the  described  systea 
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together  with  bubble  chaaber.  fig.  4  shows  the  oscillogram  of  current 
pulse  in  the  aagnet  (lower  ray/ceaa)  and  the  current  pulse  of 
particles  on  internal  target  (upper  ray/beaa) .  It  is  evident  that 
after  the  ignition  of  key/wrench  T3  on  the  signal  froa  the  dosing 
apparatus  proceeds  a  sharp  decrease  in  the  current  in  the  aagnet.  As 
a  result  the  trailing  edge  of  pulse  of  current  on  the  target  is 
obtained  sufficiently  tc  steep/a fcrupt  ones.  The  pulse  duration  does 
not  exceed  500  ys.  Out  of  this  interval  of  the  background  of 
particles  it  was  not  observed,  fig.  5  depicts  the  histograa  of 
loading  bubble  chaaber  froa  the  counter  readouts, 
established/installed  directly  before  the  chaaber/caaera. 

Measurements  are  carried  out  during  the  long  tiae.  It  is  evident  that 
a  basic  number  of  events  corresponds  to  4  particles  with  the  scatter, 
which  does  not  exceed  v-3  particle.  The  idle  background  of  particles 
in  the  chaaber/caaera  within  tne  tiae  of  discharge/ break  it  was  not 
observed.  This  aode/ conditions  proved  to  be  satisfactory  for  the 
experiaentation  with  bubble  chaaber. 
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Pig.  5. 


Fig.  4.  Oscillograa  of  signal  frca  monitor  of  particles  (upper 
ray/beaa)  ;  oscillograa  of  current  pulse  in  magnet  (lower  ray/beaa) . 
Tiae/teaporary  scale  -  500  ps/cell. 


Fig.  5.  Bistograa  of  loading  bubble  chamber.  Along  the  axis  of 
abscissas  is  deposited/f cstpoaed  a  number  of  particles*  which  record 
fro*  the  cycle  to  cycle,  along  tbo  axis  of  ordinates*  the 
st andardiz ed/nor aali zed  density  of  the  appearance  of  this  number  of 
particles. 
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147.  Systen  of  the  conclusion/output  of  electrons  froa  the  Yerevan 
synchrotron. 
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a.  Daniyelyan,  S.  K.  Yesin,  I.  P.  Karabekov,  V.  X.  Kovalenko,  A.  A. 
Markaryan,  H.  A.  Martirosyan,  Ya.  D.  Nersisyan,  Yu.  ?.  Orlov,  A.  G. 
Sal'aan,  Kh.  A.  Siaonyan. 

(Yerevan  Physical  Institute)  . 

o.  A.  Gusev,  3.  N.  Zhukov,  V.  K.  Zagaynyy,  A.  P.  Lebedev,  V.  I. 
Sesnikov,  B.  S.  Mingalev,  8.  A.  Monoszon,  B.  G.  aud’yugin,  V.  P. 
Nadgornyy,  A.  G.  Nechaev,  N.  5.  Hezchikova,  B.  V.  aozhdestvenskiy, 
Yu.  p.  Sivkov,  A.  S.  Scdarushxin,  M.  H.  Suvorov,  P.  A.  Fefelov. 


(Scientifically  research  institute  of  the  electrophysical  eguipnent 
i*.  D.  V.yEfreaovj . 
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The  removal  of  electrons  from  the  Yerevan  synchrotron  is 
acccaplished/realizad  cu  cha  quadratic  resonance  at  the  frequency  of 
betatron  Q.%=  si/3  [1  -5],  for  tne  creation  of  the  quadratic  nonlinearity 
of  field  and  for  frequency  shift  of  betatron  oscillations  are 
utilized  respectively  sextupcle  and  quadrupole  lenses  (Fig.  1).  As  a 
result  of  the  resonant  step-up  the  electrons  are  thrown  into  a 
sept urn- nag net  (S3)  and  reaoved  by  thea  beyond  the  liaits  of  the 
aperture  of  chamber/caaara.  Tha  divergence  of  beam  to  the  electron 
conductor  is  accoaplished/rea lazed  by  the  deflecting  aagnet  (on) . 

Bean  focusing  on  the  route  of  electron  conductor  is  conducted  by 
guadrupole  lenses  Lt  and  L2-  Thu  distributive  aagnet  (EM) ,  supplied 
by  direct  current,  makes  it  possible  to  guide  eaitted  beam  along  five 
different  channels  into  the  experimental  hall.  . 

The  calculation  of  resonance  cf  build-up  was  conducted  both  by 
the  method  of  averaging  [6,  7]  and  by  nuaerical  on  the  computers 
"H^dan-B".  On  the  basis  of  calculation  were  selected  the  necessary 
values  of  disturbances/perturbations.  Specially  was  investigated  the 
effect  of  a  comparatively  rapid  passage  of  betatron  frequency  through 
the  resonance  value.  It  was  explained  that  at  the  selected  values  of 
the  nonlinearity  of  field  and  duration  of  conclusion/output 
*(1.0-3. 0)  as  only  the  insignificant  part  of  the  electrons  (namely 
those  which  they  have  amplitudes  of  betatron  oscillations  of  lass 
than  several  ten  millimeters)  it  can  pass  resonance  without  having 
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swung.  Divergence  from  the  staoility  virtually  does  not  affect  the 
step/pitch  of  driving. 

During  all  calculations  the  motion  in  undisturbed  field  was 
considered  linear.  Fig.  2  gives  the  calculated  distribution  on  the 
phase  plane  of  the  particles,  neglect /deserted  for  the  septum  with 
the  different  field  distortions.  The  calculated  size/dimension  of  the 
emittance  of  emitted  beam  is  agual  to  (1-3)  »,  am-  mrad.  Seal 
throws/excesses/over shoots  due  to  the  natural  nonlinearity  of  field 
can  noticeably  differ  frcm  calculated  ones.  Therefore  is  provided  for 
the  possibility  of  amplitude  control  and  phase  of  nonlinear  field 

f 

distortion.  Phase  is  regulated  discretely  on  «-41°  by  method  of  the 
changeover  of  the  polarity  of  some  sextu poles.  As  can  be  seen  from 
Fig.  1,  phase  shift  between  sextupoles  on  16  harmonic  of 
disturbance/perturbation  is  multiple  2»/3.  In  combination  with 
continuously  variable  control  of  the  current  of  septum  this 
regulating  of  phase  is  sufficient  for  obtaining  the  optimum 
■ode/conditions  of  ccnclusion/output. 

In  order  to  localize  along  the  azimuth  the  place  of  the 
throw /excess/overs hoot  of  particles  into  a  septum-magnet,  not  cutting 
to  deeply  into  aperture  of  chaaber/caaera,  and,  furthermore,  to 
decrease  the  effect  of  its  own  nonlinearity  of  the  field  of 
accelerator,  in  the  location  of  septum  is  created  local  orbit 
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perturbation. 

The  calculations  of  routas  fro»  a  septum-aagnet  to  the  output  of 
beam  froa  tha  accelerator  show  [8]  that  the  location  of  septua  froa 
the  outer  sida  from  the  crbit  leads  to  the  passage  of  beaa  in  the 
nonlinear  field  and  the  strong  distortion  of  its  phase  volume. 
Although  the  location  of  a  sept ua-aagnet  froa  inside  leads  to  certain 
reduction  in  tha  effectiveness  of  conclusion /out put,  it  was 
acknowledged  by  preferable.  To  the  divergence  of  beaa  in  a 
septum-magnet  it  is  3-5  arad  depending  on  the  phase  of  nonlinear 
disturbance/perturbation,  suppleaentary  divergence  to  on  is  -30  arad. 
After  passage  in  the  stray  field  of  basic  electromagnet  the  beaa 
emerges  by  sufficiently  strongly  diverging  on  the  horizontal. 
Therefore  lens  L*  is  arranged/located  as  close  as  possible  to 
accelerator. 

Let  us  pause  in  scaevhat  aore  detail  at  the  separate  eleaents  of 
the  systea  of  conclusicn/output.  A  septua-aagnet  has  the  laminated 
core,  the  thickness  of  sheets  0.5  aa.  The  overall  length  of  magnet  on 
the  iron  500  aa.  Resistance  of  single-turn  winding  3. 10~3  oha, 
inductance  4.  10“3  H  magnetic  intensity  1600  a  in  clearance  tj30  aa4. 
The  cross  section  of  a  septua-aagnet  is  shown  in  Pig.  3a.  Prontal 
conductor  (septua)  is  aade  froa  the  copper  strip/fila  with  a 
thickness  of  0.7  n».  Heat  withdrawal  is  conducted  through  the  copper 
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lobes/lugs,  which  envelopo  the  water-cooled  tube  #  10x2.  Tube  and 
currant  conductor  are  isolated/ insulated  frca  the  housing  by 
poliaaide  fila. 
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thickness  of  septan  is  sca®what  increased  due  to  a  reduction  in  the 
field  in  operating  region  n-aar  it.  This  reduction  was  the  result  of 
the  location  of  current  conductor  out  of  the  clearance  SM- 

The  deflecting  nagnet  (see  Fig.  3b)  has  a  thickness  of  current 
conductor  6  ns  and  screened  outside  by  plate  aade  of  the  carbon  steel 
with  a  thickness  of  1  an.  The  ccnstructi on/design  of  nagnetoconductor 
and  running- water  supply  of  the  deflecting  nagnet  is  analogous  the 
construction/design  of  a  septuu-aagnet. 


Fig.  2.  The  calculated  distribution  of  the  particles  on  the  phase 
plane,  neglect /deserted  to  the  septua  for  six  versions  of  the 
inclusion/connection  of  sextupoles  (LSh  -lens  six-pole,  LK  -  lens 
guadrupole) . 


Key:  (1).  arad.  (2).  »a««rad 
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Pig.  3.  Leading-out  aagnets.  a)  a  septua-aagnet  SP-139;  b)  -  th> 
deflecting  aagnet  SP-138. 

Key:  (1).  pos.  in  the  light/norid. 

Page  189. 


Current  pulses  in  the  devices/eguipaent  of  the  system  of 
conclusion/o  .tput  are  snitched  on  with  certain  lead/adrance  in 
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comparison  with  the  maximum  energy  (Fig.  5) .  During  the 
conclusion/output  the  en-ergy  of  electrons  continues  to  change; 
therefore  for  guaranteeing  the  permanent  angle  of  deflection  in  SH 
and  OM  currents  in  then  lust  caange  approximately/exemplarily 
according  to  the  saae  law.  The  guantua  building  up  of  rhe 
oscillations  under  the  action  or  synchrotron  radiation  does  not 
permit  implemention  of  a  conclusion  with  the  energies  5-6  GeV  after 
the  maximum  magnetic  field.  Tnis  limits  the  duration  of 
conclusion/output  by  the  value  of  1.5-2  as.  A  change  of  the  energy  of 
electrons  in  the  process  of  coaclusion/output  makes  it  necessary  to 
approach  achromaticity  of  the  focusing  system  and  requires  the 
careful  adjustment  of  the  syncnremzation  of  output  units. 

In  the  power-supply  systems  of  qu&drupole  and  sextupola  lenses 
the  formation  of  pulses  is  conducted  with  the  aid  of  dipoles,  which 
consist  of  the  parallel-connected  series  circuits,  stability  of 
impulses/momenta/pulsas  at  the  apex/vertex  to  worse  than  +-0.5o/o. 

A  septum-magnet  is  supplied  from  the  pulse  generator,  which 
consists  of  the  storage  capacity/capacitance  with  the  aid  of  which 
ace  formed/shaped  the  pulse  edges,  and  stairs  type  artificial  lines 
for  the  compensation  for  ohmic  losses  in  the  load.  For  the  purpose  of 
obtaining  the  best  shape  of  pulse  storage  capacity/capacitance  and 
artificial  line  are  conrected  consecutive-  system  it  makes  it 
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•possible  to  obtain  iapulsas/acaenta/pulses  with  the  pulsations  at  the 
apex/vertex  not  aora  than  IQo/o  with  respect  to  the  duration  of 
fronts  to  the  apex/vertex  not  acre  than  0.25. 


II 

i 


In  the  power-supply  system  of  the  deflecting  aagnet  where  the 
porosity  of  periodic  process  is  agual  to  1.4,  the  recharge  of  the 
capacity/capacitance,  which  for  as  front,  is  conducted  through  the 
buffer  capacity/ capacitance,  which  aakes  it  possible  to  ensure  the 
stability  of  the  charge  of  oasic  capacity/capacitance  and  the  unifora 
loading  of  the  phases  ox  charging  rectifier.  For  guaranteeing  the 
recurrence  of  current  in  the  sag  nets  froa  one  iapulse/aoaantua/pulse 
to  the  next  is  developed  the  saapled-data  system  of  the  stabilization 
of  the  charge  of  capacities/capacitances,  based  on  the  current  cutoff 
in  the  charge  inductance  upon  reaching  of  voltage  on  the 
capacity/capacitance  of  desired  value.  The  selection  of  the  final 
versions  of  supply  was  conducted  in  the  analog  coaputers. 


I 


Fig.  4.  Distribution  of  aagnatic  field  according  to  a  radius  within 
the  clearance  of  a  septoa-aagnet  u.a  the  center  of  the  gap/interval 
between  the  gashes,  the  '•step/pitch*  of  gashes,  1  -  15  aa,  2-75  as, 
Bo=1600  vs  (r=  15  aa,  r  -distance  froa  the  septua) . 
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Pig.  5.  Power-supply  systeas  or  leading-out  lenses  and  sagnets  and 
tiae  characteristics  of  iapulses/moaenta/pulses. 

Key:  (1).  Power-supply  system.  (2).  shape  of  pulse  and  tiaiag.  (3) 

The  paraaeters  of  iapulses/aoaenta/pulses.  (4).  Diagram  of 
power-supply  system.  (5).  Cycle  cf  acceleration.  (6).  as. . (7) .  local 
disturbance/perturbation  of  i8>  .  H.  (9).  oha.  (10).  To  circuit.  (11). 
Lens  of  conclusi  on/out  put  a)  guadrupoles,  b)  seztupole.  (12). 

$e ptua-aagnet.  (13).  Is  true,  cnarge.  (14). 'that  deflecting  aagnet. 
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For  observation  of  beam  ana  adjustment  of  output  to  the  external 
route  of  electrons  were  estabiisnea/installed  the  following 
instruments: 

a)  a  gauss-quantaaeter,  waich  gives  absolute  intensity  of 
emitted  beam; 

b)  slotted  ionization  chamber,  which  gives  the  radial 
center-of-gravity  location  of  aeaa  [9]; 

c)  the  small  low-quality  resonator,  tuned  to  a  frequency  of  the 
accelerating  system  of  synchrotron  (132.8  flHz) ; 

d)  scintillation  counter  r'th  FEU; 

e)  the  glass  plates,  which  give  the  image  of  bean. 

« 

At  the  same  time  was  provided  the  distance  observations  of  the 
phosphorescent  glow,  plottad/applied  to  the  surface  of  septum,  turned 
to  the  equilibrium  orbit. 


*f/~"  A  *  :J*  *t? }VT* 
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On  13  March,  1970,  was  fixed  the  emitted  beam  of  electrons  with 
the  energy  3  GaV  by  the  duration  of  1  as..  Pig.  6  depicts  the 
transverse  size/diaens icn  or  oeaa  on  the  exhaust  duct  (3.5  a  for  OH) . 
The  effectiveness  of  ccnclusion/output  in  the  first  performances  was 
approximately  lOo/o. 


At  present  is  conducted  wort  on  an  increase  in  effectiveness  and 

duration  of  conclusion/output. 
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Discussion. 


K-  A.  Belovintsev.  Which  the  required  precision/accuracy  of  power 
supply  of  quadrupole  and  sextupcle  lenses? 


G.  V.  Badalyan.  Required  stability  of  current  at  the  pulse  apex  £ 


bt’ON  t-< 
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0.  5o/o,  the  permissible  amplitude  of  the  pulsation  of  the  same  order- 

A.  A.  Vorobyev.  What  effectiveness  of  conclusion/output  it  is 
possible  to  achieve  with  the  aid  of  your  system? 

G.  V.  Badalyan.  As  is  known,  the  effectiveness  of  conclusion /out put 
K=  1  -  »  where  6  -  effective  thickness  of  septum,  £/v  -  3tep/pitch 

of  the  resonant  stap-up  of  the  amplitude  of  oscillations  near  the 
septum.  For  the  Yerevan  synchrotron  5^1-2)  mm,  Arst  (5-1 0)  am  and  the 
respectively  expected  ef factiveness  of  conclusion/output  comprises 
(6  0-80)  o/o. 

t.  L.  Gol*din.  You  carried  out  both  the  analytical  and  numerical 
calculations  of  the  building  up  of  the  oscillations  of  outgoing 
particles.  Did  make  it  possible  numerical  calculation  to  obtain  any 
new  data  in  comparison  with  tne  analytical  data? 

G.  V.  Badalyan.  Generally  the  method  of  averaging  works  well,  when  a 
change  in  phase  and  amplitude  or  betatron  oscillations  with  the 
passage  of  one  nonlinear  field  distortion  is  small.  On  the 
latter/last  revolutions  before  the  throw /excess /overshoot  of  - 
particles  into  a  septum-magnet  this  assumption  ceases  to  be  valid. 
Therefore  the  study  of  particle  motion  on  the  latter/last  revolutions 
and,  in  particular,  the  determination  of  the  phase  volume  of  emitted 
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baa a  must  be  produced  with  aetncd  of  numerical  calculations.  The 
result  of  calculations  by  2'lsVfi,  nevertheless,  is  conclusion  about 
the  fact  that  the  driving  of  the  aaplitude  of  betatron  oscillations 
will  agree  sufficiently  well  with  the  forecasts  of  the  nethod  of 
averaging. 

The  method  of  averaging  was  utilized  for  obtaining  the  initial 
data,  and  the  future  calculations  were  conducted  with  the  aid 
ETsVM  . 


Pig.  6.  Photograph  of  brcught-out  electron  beam  to  focusing. 
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148.  Channel  of  the  separated  particles  for  2-«eter  liquid  hydrogen 

J.I.N.g. 

bubble  chaaber  OKPjI  (calculation  data) . 

A.  V.  Sasoilov,  Yu.  B.  Sapunov,  A.  B.  Frolov. 

(Institute  of  high-energy  physics). 

Channel  is  designed  for  the  irradiation  on  the  accelerator  IFVS 

jr-/  n.  /?, 

of  2-aeter  liquid  hydrogen  bubnla  chaaber  of  a** in  pure/clean 
beans  k±,p,p,3i+  of  particles  in  the  range  of  pulses  p-10-25  Ge7/s.  The 
optical  diagraa  of  channel*,  represented  in  Fig.  1,  and  high-frequency 
separator  are  analogous  utilized  in  the  acting  in  CBRH  [1], 

Brookhaven  [2]  and  installed  in  IFVZ  [3]  channels  of  the  separated 
particles.  Separator  consists  of  three  waveguide-deflectors,  excited 
on  the  hybrid  wave  ENlt,  and  works  together  with  the  rapid 
conclusion/output  of  accelerated  protons  [4],  The  basic  calculated 
parameters  of  separator,  undertaken  work  [5],  and  the  parameters  of 
channel  gives  below: 

Size s/di men si on s  of  external  target  (vertical  line  x  horizontal 
x  length)  ...  2x2  of  100  an*. 


DOC  =  30069315 


EAGS 


Material  of  the  target  of  ..•to  copper. 


Angle  of  particle  production  ...  *  0®. 


Acceptance  angle  of  particles  froa  the  target  into  the  channel 


the  horizontal  ...  *-1.8  arad. 


the  vertical  line  ...  *-4.6  arad. 


The  solid  angle  of  the  capture  of  channel  ...  33  yerased. 


Relative  pulse  interval  in  the  channel  ...  «~0.25o/o. 


Quantity  of  goadrupole  lenses  ...  17  (vith  a  length  of  2  a) . 


Quantity  of  the  deflecting  aagnets  ...  2  (by  length  4a) 
(with  a  length  of  3  ■)  . 


Quantity  of  colli aators  ...  10. 


The  linear  aagnifications:  horizontal  vertical  lin<  . 


KiP?w?r 
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first  pulse  collimator  ...  0.50  -« 


the  renters  of  deflectors  ...  1.42  5.70. 


intermediate  images  after  separator  ...  0.46  12.00. 


the  second  pulse  colliaator  ...  0-71  -. 


Dispersion  of  the  image  cf  the  target: 


the  first  pulse  colliaator  . , 


5mm/  •—■  =L% 


the  second  pulse  colliaator 


,  .  llMM/-^  =1? 


Pull  length  of  the  channel  (target  -  chasber/caaera)  ...  194.2  a. 


Quantity  of  L?  deflectors  ...  3. 


distances  between  deflectors: 


Lj  2  ...  28  m. 
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Length  of  deflector  ...  4a. 

Aperture  of  deflector  ...  2a=46  am. 

lorking  wavelength  ...  10.7  cm. 

Transverse  pulse  in  the  aafiectcr  at  power  20  SI  ...  23.7  GeV/s- 

Tha  use  of  any  two  deflectors  makes  it  possible  to  derive  of  the 
beam  either  one  undesirable  type  of  particles  (single-particle 
rejection),  or  two  types  two-parricle  rejection)  at  the  values  of 
pulses  of  those  given  in  tne  table. 
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Fig.  1.  The  optical  diagram  of  channel.  1  -  external  target;  2  - 
first  pulse  colliaator;  3  -  deflector  I;  4  -  deflector  II;  5  - 
deflector  III;  6  -  cluster  absorber;  7  -  interaediate  iaages;  8 
second  pulse  colliaator;  9  -  bubble  chaaber. 


Key:  (1).  Vertical  line.  (2).  Horizontal 
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values  of  the  iapulses/acaenta/pulses  of  the  separated  particles 


with  the  two-deflector  separation  (region  p>7  Ge?/s)  . 
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Kay:  (1).  dejection.  (2).  Particles.  (3).  Ge?/s.  (4). 


Single-particle.  (5)  .  Tvc-pamcle. 
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For  the  comparison  of  effectiveness  of  two  and  three-deflector 
version  of  separator  in  the  tania  they  are  given  relationship  of  the 
corresponding  to  versions  angular  deflections  of  the  separated 
particles  at  one  and  the  saae  value  of  the  maxima  power,  introduced 


4# 


DOC  =  80069315  ?  AGF  #T 

into  the  deflector.  In  this  case  the  angular  deflections  of  the 
separated  particles  are  given  to  angular  divergence  ±fiv  of  the 
undeflected  beam  in  the  first  deflector,  providing  the  condition  of 
optinua  separation  [1].  Fig.  2  depicts  separative  curves  for  the 
isolation/liberation  of  one  type  or  particles  on  the  basis  of  of 
t.hree-deflector  diagraa  (two- particle  rejection)  optics  of  channel  is 
optiaized  froa  the  point  of  view  of  the  possibility  of  the 
realization  of  the  aaxiaua  divergence  of  baa®,  peraitted  by  the 
geoaetry  of  deflector. 

The  relative  coaposition  of  the  unseparated  bean  and  the 
absolute  flows  of  negative  particles  on  the  chaaber/caaera  with  the 
energy  of  acceleration  S„-7Q  Gev  were  evaluated  on  the  basis  of 
expcriaental  data,  obtained  in  IFV5  [6],  end  for  the  positive 
particles  -  on  the  basis  of  calculations  according  to  Trilling  [7] 
they  ware  represented  in  Fig.  3  and  4. 


6  8  to  n  W  IS  >8  70  22  P.fjd/c 

Fig.  2.  Three-deflector  separation  of  particles  (acceptance  of 
channel  on  vertical  line  iav  c,i5,7  8v).  3.<2-28m,  213«70m,  xsiG-7  ca# 
Pt  =  23.7  GeVs. 


Key:  (1).  arad.  (2).  Geoaatxic  liait.  (3).  Ge7/s 
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Fig.  3.  Relative  coapositiou  of  unseparated  beam  on  bubble  chaaber 
with  energy  of  acceleration  of  70  Ge¥. 

Key:  (1).  Relation  of  the  auaber  of  particles  on  the  chaaber/caaera. 
(2)  .  GeV/s. 

Page  193. 

These  estiaations  and  expected  coefficient  of  the  depression  of 
undesirable  particles  -iSQO  [1]  aafce  it  possible  to  rely  on  the 
possibility  of  separation  k^p.p.jv*  of  particles  in  the  whole  range  of 
pulses  p-10-25  GeV/s.  The  expected  *r-  aeson  pollution/contanination 
cf  separated  beaas  k*  and  p  coapose  ^15o/o.  Channel  lakes  it 
possible  to  also  transport  to  chaaber  from  external  target  the  beaas 
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of  unseparated  particles  of  both  signs  of  charge  and  from  internal 
target  of  accelerator  -  bean  of  the  elastic  scattered  primary  protons 
with  pulse  in  both  cases  of  p435  Ge7/s.  Furthermore,  is  in  principle 
possible  transportation  from  internal  target  to  the  chamber/ earner a 
cleaned  by  the  magnetic  field  of  the  accelerator  of  the  beam  of 
positrons  with  pulse  p~35  GeV/s  (So=70  GeV) . 
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Pig.  4.  Expected  flows  of  the  separated  particles  on  the  bubble 
chaabers/caneras  with  the  energy  of  acceleration  70  GeV  (flew  of 
primary  protons  IQ11  pulses efficiency  of  target  0.1 
Ap/p=*-0. 25o/o,  coefficient  of  the  transmission  of  cluster  absorber 
0.5:  for  h“  they  are  given  naxraua  flows  without  the  separation). 


|v 


Key:  (1).  particles/pulse,  (i) .  GeV/s. 
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149.  On  sole  possibilities  of  the  formation  of  the  anon  beaas  of  high 
energies. 

I.  A.  Aleksandrov,  Yu.  E.  Dobretsov,  3.  A.  Dolgosheni,  A.  V. 

Samoilov,  Y.  A.  Titus,  A.  rt.  Frolov,  I.  A.  Shukeylo. 

(Institute  of  high-energy  physics)  . 

Kith  the  formation  of  the  muon  beaas  of  high  energies  becomes 
possible  the  use/application  of  the  magnetized  iron  for  purposes  of 
braking  and  focusing  simultaneously,  which  can  considerably  simplify 
the  creation  of  matching  systems. 

Let  us  examine  the  limited  applications  of  a  lens,  which  is  the 
cut  of  the  metallic  cylinder,  along  which  flows  current  I,  evenly 
distributed  over  the  section  with  a  density  of  R  -  a  radius 

of  lens).  The  magnetic  induction  B  within  the  cylinder  has  only 
azimuthal  component  and  in  the  case  of  unsaturated  iron  is 
proportional  to  the  radius:  B(%)-Bv(>)«ti-2jpy*-6-v<H  -  magnetic 
permeability) .  This  lens  focuses  or  defocuses  simultaneously  in  all 
transverse  directions. 


i  ! 


!  I 
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Let  the  particle  ncaentum  during  the  notion  in  the  substance  of 
Ians  change  as  (?<,-£*),  that  correctly  with 

>  (1) 

where  e-  -  ionizing  losses  at  the  radiation  length,  z  -  longitudinal 

coordinate  in  cylindrical  system  C,v,tp,z)>  ^  and  z  they  are  measured  in 

the  radiation  lengths.  Then  in  the  case  cf  focusing  equation  of 

motion  in  the  plane  #=ccnst  takes  the  form 

—  (2) 

_  J>pc 

0  6ij*^ 

where  u)1-— :,t  -  radiation  length.  Its  solutions  are  Bessel  function 

_<r 

*  *  * 

of  the  1st  kind  the  1st  crder  zt; 


/  ez  ,  pncu 
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Onder  the  assumption  (1)  this  decision  with  an  accuracy  to  the 
1st  order  in  can  be  presented  in  the  form: 

-v-cos(ujz+p)  — [wzsvnCwz+p)+cos(uz+p)j , 


l  J 


where  p  is  determined  from  the  initial  conditions.  To  account  for 
multiple  scattering  was  utilized  the  function  of  distribution  [ 1 ] 


where 


f(2  8)  ~-i_  exp  (-  \ 

23*8  PV  4  A0  B  /’ 
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B-(A0Aa-A2)1/a; 


E,=  2i,2  HaV,  9  -  projection  of  angle  (pji)  on  the  plane  of  motion 
#=const. 


The  account  of  ionizing  losses  (.£)  and  scatter  in  the  mean  free 
path  was  conducted  according  to  xncwn  experimental  data  (for  example, 
see  [2]).  The  nuoerical  calculation  of  the  parameters  of  muon  beams 
was  carried  out  according  to  tnu  method  of  nonte  Carlo.  Let  us 
examine  some  versions  cf  tae  use  ox  such  lenses  for  the  formation  of 
muon  beams. 

1.  Inhibiting  muon  channel. 

According  to  the  conditions  for  experiment  it  is  necessary  to 
take  into  the  channel  a  maximally  possible  flow  of  muons  with  the 
impulse/aomentum/pulse  p0=22.6o  GeY/s  end  without  the  considerable 
losses  to  bring  them  tc  the  detector,  after  inhibiting  to  the  energy 
200-500  MeY.  Let  us  compare  the  transportation  possibilities  of  two 
inhibiting  muon  channels,  isotropic-  the  consisting  of  13.6  a 
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unmagnetized  iron,  and  the  anisotropic,  consisting  of  the  layer  0.8  a 
unaagnetized  iron  and  aucn  lens  tuth  a  diaaeter  of  20  ca  with  a 
length  of  12.3  a.  Induction  in  the  lens  is  considered  as  the  linearly 
increasing  with  a  radius  and  its  aaziaua  value  on  the  edge  is 
undertaken  egual  to  15000  G.  Pig.  1  gives  the  envelopes  of  beaas  in 
both  channels.  A  root-aean-sguare  radius  in  the  lens  is  everywhere 
less  than  in  the  isotropic  iron.  It  reaches  aaxiaua  on  first  2.5  o 
and  further  nowhere  it  exceeds  this  its  value.  On  inset  of  Pig.  1  is 
given  the  effectiveness  c£  circuits  E  (relation  of  a  nuaber  of 
particles,  which  fell  to  tne  infinitely  thin  detector,  to  a  total 
nuaber  of  particles,  leaving  frea  the  target)  in  the  dependence  on  a 
radius  of  detector  Rq-  It  xs  avident  that  the  use  of  a  lens  of  the 
instead  of  unaagnetized  iron  aakas  it  possible  with  the  identical 
count  to  decrease  the  section  cf  detector  30-40  tines.  Aperture  ratio 
of  anisotropic  channel  £4000  >jstar  which  is  two  orders  higher  in 
coaparison  with  the  case  when  for  these  purposes  it  is  utilized  any 
of  the  acting  pion  channels  IVFE  (for  exaaple,  see  [3]  ). 

2.  Bean  of  pure/clean  auens. 

Osually  for  obtaining  the  energetic .auon  bean  utilize  the  decay 
pion  channels,  which  consist  of  15-20  quadrupole  lenses.  Por  the 
isolation/liberation  of  the  auons  before  the  detector  is  placed 
nuclear  filter  of  the  iren  or  another  substance,  following  it  -  the 


i 

i 

i 
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focusing  objective.  Use  as  the  filter  of  muon  lens  lakes  it  possible 
to  get  rid  of  subsequent  objective  (doublet  or  acre  complicated 
system  of  quadrupole  lenses)  and  to  directly  focus  beam  to  the 
detector. 

Let  on  the  filter  witn  a  thickness  of  8  a  fall  the  parallel  beam 
from  the  impulse/momentum/pulse  30  Gef/s,  shaped  with  the 
preceding/previous  magneto-optical  system.  The  diameter  of  beam  let 
us  accept  equal  to  20  cm.  Pig.  2  gives  envelope  of  particles  in  the 
case  of  filter  from  the  unmagnetized  iron,  its  combination  with  the 
doublet  of  quadrupole  lenses  and  in  the  case  of  the  lens  with  a 
diameter  of  20  cm  with  gradient  G=  1500  G/ca.  During  the  replacement 
of  the  unmagnetized  filter  wita  the  doublet  by  one  muon  ?ens  it  is 
possible  to  completely  preserve  the  parameters  of  beam. 
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Fig.  1.  Envelope  of  particles  (solid  line)  and  root-aean-sguare  angle 
(dotted  line)  in  the  isotropic  (1)  and  the  anisotropic  (II) 
inhibiting  mon  channels.  On  the  fitting  -  effectiveness  of  channels 
with  different  radii  of  detector  Ri 


Key:  (T).  arad. 
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Pig.  2.  -Envelope  of  particles  in  auon  channel;  unaagnetized  iron 
(priae  dotted  line) ;  unaagnetized  iron  and  doublet  of  guadrupole 
lenses  (dotted  line) ;  nucn  lens  (solid  line) . 
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3.  Beam  of  pure/clean  auons  without  the  pion  channel. 

Large  auon  lens  can  combine  the  function  of  capture  and  bean 
shaping,  nuclear  protection  and  subsequent  objectire.  Fig.  3  gives 
envelope  of  particles  in  cne  caannel,  which  is  of  the  target,  the  t 

decay  gap/interval  the  length  of  200  a  and  auon  lenses  with  a 
diameter  of  2  a  with  the  induction  on  15000  G  edges.  Is  given  the 
position  of  crossover  fcr  the  partial  beaas  po=20,  30,  40  GeV/s,  and 
nonaonochronatic  beam  with  unifora  spectrum  ( 30 ♦— 10)  GeV/s.  Evidently 
that  crossover  clearly  is  observed  not  only  in  partial  bundles,  but 
also  in  polychromatic  beam  vita  considerable  pulse  scatter 
(p„+-  33o/o) . 

4.  Pocusing  target. 

Target  for  studying  auon  interactions  with  the  large 
transmission  of  impulse/aoaentuB/pulse  represents  the  iron  cylinder 
with  a  diameter  of  10  cm  and  with  a  length  of  L.  Fig.  4  depicts  the 
case  whan  to  the  target  gives  the  parallel  beam  of  auons  (po?30 
Ge?/s) .  Onbrolcen  curve  is  represented  the  decrease  of  flow  n  along 
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the  unaagnetized  target  due  to  the  escape  through  side  walls.  The 
same  dependence  for  the  aagnetizad  target  with  linearly  building  up 
on  a  radius  induction  B  shows  tnat  the  lens  ’•holds'*  beam  considerably 
better.  A  change  of  the  flow  in  this  case  is  clearly  correlated  with 
a  change  in  the  envelope  -  in  the  aaxiaua  of  the  envelope  the 
greatest  losses. 

At  the  high  values  of  B  (r)  the  iron  of  lens  in  -the  the 
peripheral  range  is  saturated.  Tais  case  was  approximated  in  the 
calculations  by  the  law  ci  the  build-up  of  field  in  the  fora  of 
trapezoid.  Proa  the  calculation  it  follows  that  the  transition  into 
the  aode/conditions  of  saturation  can  soaewhat  raise  flow. 

Fig.  5  gives  the  effectiveness  of  target  in  the  dependence  on 
the  length.  It  is  evident  that  the  use  of  the  lens  with  a  length  -10 
of  a  raises  effectiveness  in  couparison  with  the  unaagnetized  target 
approximately  2  tiaes. 
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Discussion. 


1.  L.  Gol'din.  ihat  value  currents  must  be  passed  through  your 
lenses? 


I.  A.  Aleksandrov.  If  we  are  restricted  to  fields  12-13  kg  on  the 
edge,  then  currents  on  the  order  of  1  kA.  With  further  increase  in 
the  field  the  required  currents  sharply  grow/rise.  Thus,  if  field  on 
the  edge  15-16  kg,  then  currents  already  on  the  order  of  3  ItA. 
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Pig.  4.  Change  in  flow  cf  auons  n  along  the  length  of  auon  target. 
1  -  isotropic  detector;  2  -  lens  with  a  linear  increase  in  the 
induction  froa  a  radius;  1  -  saturated  lens;  4  -  envelope  of 
particles  in  the  nnliaited  in  transverse  direction  of  lens  with  the 
linear  build-up/growth  of  induction.  On  the  fitting;  the 
build-up/growth  of  induction  on  a  radius  of  that  extra-saturated  (I) 
and  saturated  (II)  lenses. 


Key:  (1).  G. 


DOC  =  80069315 


PAGE 


Fig.  5.  Dependence  of  ef fectiveness  of  anon  target  E  on  length. 
Designations  the  sane  as  in  Fag.  2. 


Key:  (1).  G 
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150.  Diagram  of  obtaining  antipcotons  on  an  installation  with 
opposing  proton- anti  preton  ueaas. 

G.  I.  Bulker,  T.  A.  Vsevclozhekaya ,  G.  I.  Silvestrov,  A.  N. 

Skrinskiy. 

(Institute  of  nuclear  paysxcs  of  the  Siberian  Department  of  the  AS 
USSR)  . 

The  project  of  obtaining  tae  intense  beam  of  antiprotons  for  the 
experiments  on  the  opposing  protoa-antiproton  beams  with  the  energy 
2x25  GeV  in  the  installation  VAPP-NAP  assumes  the  accumulation  of 
antiprotons  by  the  method  of  electronic  cooling  [1]  with  the  energy 
1.8  GeV  in  the  intermediate  accusuxator/ storage  NAP. 

The  actualization  cf  project  requires  the  development  of  the 
series/row  of  the  complicated  lmpulses/mcaenta/pulses  of  the 
magneto-optical  devices/equipment,  what  is  by  partly  developing  in 
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with  Novosibirsk  tha  institute  cx  auclaar  physics  of  program  on  the 
use  of  strong  and  ultrapcwerf ui  (megagauss)  pulse  magnetic  fields  in 
the  accalerative  technology. 

In  the  present  won  are  examined  questions  of  formation  and 
introduction/input  into  tae  accumulator/ storage  of  the  bundle  of 
antiprotons  with  the  energy  l.d  GeV  and  the  focusing  to  the  target  of 
primary  protons. 

Antiprotons  ara  obtained  m  external  target  with  the  aid  of  the 
proton  beam,  accelerated  to  25  GeV  in  the  basic  ring  VAPP  and  then 
released  and  focused  tc  tne  target.  In  this  case  the  selected 
relationship/ratio  of  energies  cf  antiprotons  and  primary  protons 
close  to  the  value,  which  corresponds  to  the  maximum  of  the 
generation  of  antiprotcns  in  the  case  of  target  from  heavy  substance, 
as  it  is  possible  to  ccaciude  from  the  experimental  data  for  Pb, 
given  in  work  [  2  ]. 

The  angular  distribution  ox  antiprotons  with  the  energy  1.3  GeV 
according  to  the  data  of  this  worx,  extrapolated  into  the  region  low 
energies  of  secondary  particles,  can  be  expected  by  close  one  to  the 
Gaussian  with  root-mean-sguare  angle  ■•JW'  u,i-,  rad. 


Total  number  of  antxprotons  at  the  output  of  target  on  the 
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assumption  that  entire  path  to  its  end/lead  they  pass  to  target 
materials,  depends  on  the  length  of  target  as  KK)~  b<;  •  sjhr/"  and  reaches 
maximum  tr„r~e  ^  ~  the  section  or  inelastic  interaction  of  protons 

and  antiprotons  with  the  target  nuclei,  ~  production  cross 

section  of  antiproton  wita  the  iiapulse/momentum/pulse  in  the  assigned 
time  interval  (p,  p+Ap)  n  -  aumrer  of  nuclei  into  1  cm3)  when  o  , 
to  the  length  of  inelastic  nuclear  interaction. 

The  root-mean-square  emittance  of  antiprotons  cp  under  the 
assumption  of  infinitely  thin  proton  beam,  increases  with  the  length 
of  target  proportional  to  unit  ($  =  9ag)  also,  with  the  dyne  1=10  cm, 
which  is  dpproxiaately/examplar.xiy  equal  to  the  length  of  inelastic 
nuclear  interaction  in  the  tungsten,  it  is  225  mrad  cm  and  has  a 
fora,  shown  in  Fig.  1.  It  is  oovious  that  with  this  emittance  the 
anti-proton  beam  cannot  be  effective  seized  in  the 
accumulator/storage. 

For  increasing  the  capture  efficiency  in  lYaF  cf  SO  AN  OSSR  is 
developed/processed  the  matnod  cf  the  beam  shaping  of  secondary 
particles  directly  on  the  target  oy  the  method  of  the  transmission  on 
it  of  large  (~104  A)  current.  The  appearing  magnetic  field  does  not 
make  it  possible  for  particles  to  be  driven  out  from  the  axis/axle  of 
system,  forcing  them  to  oscillate  within  size/dimension 
vmax~  where  \  -  radius  cf  target,  H0  -  field  on  its  surface. 
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as  9mai  it  is  possible  tc  take  tne  ras  value  of  the  angle  of  the 
generation  of  antiprotcns. 

The  eaittance  of  team  in  uis  case  does  not  depend  on  the  length 
of  target  and  is  deterained  omy  ny  the  gradient  of  magnetic  field 
and  by  the  width  of  the  angular  distribution  of  antiprotons. 
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Fig.  1.  Eaittance  of  the  Dean  of  antiprotons  at  the  output  of  the 
target  with  a  length  of  10  cm.  I  -  without  the  field  in  the  target;  2 
-  in  the  field  in  the  targe-c  with  gradient  vh=  1,3.10'  Oe/Q. 

Page  197. 

In  comparison  with  the  target  without  the  field  occurs  the  decrease 
of  the  eaittance  of  beam,  taat  it  does  not  contradict  Liouville 
theorem,  since  secondary  particles  are  born  directly  in  the  magnetic 
field  effect  of  which  cn  tna  primary  protons  can  be 
disregarded/neglacted  (in  tne  first  approximation,)  in  view  of  the 
large  difference  in  the  energies  and  the  smallness  of  the  phase 
volume  of  proton  beam,  which  makes  it  possible  to  focus  it  into  a 
small  size/diaension  at  tne  entire  length  of  target. 

In  the  case  in  question  the  root-mean-square  emittance  of 
anti- proton  beam  decreases  to  -50  cm  mrad  during  the  creation  in  the 
target  of  magnetic  field  with  gradient  vh  ^  1,3. 107  Oe/Q.  This  it 
requires  current  density  in  tne  target  into  220  kA/aa2,  with  which 
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the  repeated  use  of  a  target  is  impossible. 

Therefore  it  is  proposed  to  utilize  a  target  once  with  the 
automatic  replacement  cf  its  new  for  the  time  between  the  cycles, 
which  is  determined  by  the  rare  of  "electronic  cooling"  and  is  ~100 
s.  It  is  essential  only  so  that  the  decomposition  of  target  would 
occur  after  the  first  aaxiaum  of  current,  which  can  be 
achieved/reached  for  the  sufficiently  short  duration  of  the 
half-period  of  current,  since  the  development  of  strains  in  the 
target  is  iteration  process. 

From  the  results,  achieved/reached  by  us  at  the  present  time, 
should  be  noted  obtaining  rielct  into  1.3  MOe  on  the  surface  of  rod 
from  tungsten  with  a  diameter  of  2  mo  for  the  duration  of  the 
half-period  of  current  in  1.35  ps.  In  this  case  occurred  the 
full/total/coaplete  evaporation  of  target,  which  began,  however, 
after  the  maximum  of  current,  as  it  is  possible  to  conclude  from  the 
type  of  oscillogram.  In  the  field  into  1  MOe  it  was  observed  only  the 
partial  decomposition  cf  target  in  the  bearing  edge. 

The  short  duration  of  tae  naif-period  of  current  unavoidably 
advances  a  question  about  tae  heterogeneity  of  current  distribution 
according  to  the  section  of  target.  Actually/really,  for  the  duration 
of  -1  ps  the  thickness  cf  skin-iayer  in  the  tungsten  is  -'0.2  mm. 


point,  leads  to  an  increase  in  the  specific  strength  of  Materials  of 
target,  so  that  skin-layer  oeccaas  comparable  with  its  radius. 

The  task  of  the  focusing  of  protons  to  the  target  into  a  small 
size/dinension  at  entire  irs  length  in  the  case  of  target  with  the 
current  becomes  complicated  cy  the  defocusing  of  proton  beam  in  the 
target  and  requires  for  its  execution  sufficiently  strong  lens.  In 
our  case  the  proton  beam  warn  eaittance  <p  =  53CT4  rad  cm  can  be 
focused  into  the  root- mean-square  (along  the  length  of  target) 
size/diaension  of  >-0.25  mm  witn  lens  in  focal  length  approximately 
25  cm. 


With  the  energy  of  protons  25  GeV  this  lens  can  be  based  only  on 
the  axisymmet ric  focusing  with  the  field  of  fcrward  current,  with  the  ( 
possessing  maximum  fcccsing  force.  The  developed/processed  by  us  lens 
is  rod  with  the  current  from  Beryllium  or  titanium  with  a  diameter  of 
1  cm  and  with  a  length  cf  b-8  ci,  with  the  field  on  the  surface  to 
300  kOe. 

For  the  collection  from  the  target  of  the  beam  of  antiprotons 
with  the  angular  divergence  >-0. 15  rad  and  the  scatter  along  the 
impulses/momenta/pulses  in  several  percent  is  required  the  lens  not 
only  high-aperture,  but  also  sufficiently  short-focus. 


that  the 
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angular  scatter  at  its  output/  caused  by  chromatic  aberration,  would 
not  exceed  phase  angles  in  the  teas.  For  this  purpose  is 
developed/processed  explosive  parabolic  lens  with  focal  length  of  -20 
of  cm,  with  the  current  ~1.5«1U<>  A  and  the  field  to  600  icOe.  The 
current  surfaces  of  lens  serve  simultaneously  as  the  electrodes  of 
discharger/gap,  moreover  explodes  only  the  exit  surface  of  lens, 
which  has  the  fora  of  plane  and  taerefore  easily  changed  [3], 

The  accumulator/storage  of  antiprotons  is  a  racetrack  with  four 
long  straight  sections  (lengths  with  a  radius  of  quadrants  H=3  m) , 
cne  of  which  it  is  a tstr acted/cemoved  for  injection  and 
conclusion/output  of  antiprotons,  and  the  others  for  the  electronic 
cooling  and  the  resonator.  The  magnets  of  quadrants  have  zero 
gradient  and  edge  focusing,  symmetrical  relative  to  the  centers  of 
quadrants,  what  provides  constancy  q>  -  to  function  in  the  linear 
ga ps/intervals,  necessary  for  the  successful  "cooling"  of 
antiprotons. 

The  aperture  of  accumuiator/storage  -1  x  T2  <-m  makes  it 

possible  to  seize  beam  of  particles  with  the  emittance  to  70  mrad  cm 
and  scatter  along  the  i apulses/mcmenta/pulses  Ap/p=+-2. 5*10~2. 

The  conditions  for  "electronic  fading"  require  the  minimum 
energy  scatter  of  particles  at  eacn  point;  therefore  admitted  beam 
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undergoes  chromatic  dispersion  in  accordance  with  values  (l‘  - 
function  in  the  linear  gap/mterval  of  accumulator/storaga.  As  a 
result  the  scatter  on  +  he  impulses/momenta/pulses  at  each  point  does 
not  exceed  Ap/p-- «—  0.  6o/c  . 


The  chromatic  dispersion  cf  the  admitted  beam  is  accomplished  by 
the  rotary  magnet  a t  (see  rig.  2)  and  following  after  it  lens  Lt 
whose  focal  length  is  ccnnectad  with  the  angle  of  rotation  *  and  the 
index  of  a  field  slope  n  of  magnet  and  with  t  he  <|>- function  of 
accumulator/storaga  by  relationsnip/r atio  Fall)-S1^|n'^  ■ 

The  introduction/input  of  particles  into  the  accumulator/storage 
is  conducted  in  the  beginning  of  intake  gap/interval  on  the  vertical 
line  from  below  by  magnets  and  a3  (Fig.  2) ,  upper  playing  the  role 
of  a  septum-magnet  in  thickness  cf  wall  of  less  than  1  cm.  Admission 
at  the  entrance  into  the  quadrant,  optimum  for  the  stress/voltage  on 
the  inflector,  would  require  the  duplication  of  the  vertical  aperture 
of  accumulator/storage,  since  toe  emittance  of  the  admitted  beam  is 
virtually  equal  to  the  admittance  of  accumulator/storage  1 . 


FOOTNOTE  1 .  The  capture  of  oeam  with  this  emittance  is  feasible  with 
the  pulse  sinchronizaticn  of  in  elector  with  the  aoaent/torque  of 
passage  by  its  previously  stacked  beam,  so  as  to  the  latter  would  not 
fall  in  the  field  of  intlector.  tNDFOOTNCTE. 
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The  presence  of  long  gap/interval  makes  it  possible  to  inject 
beam  at  snail  angle  to  the  median  plane  directly  intc  the  inflector, 
ar  ran  gad/ located  in  the  same  gap/interval.  in  this  case  the  shock  of 
inflector  it  aust  be  increased  approximately  1.7  times  in  comparison 
with  the  optiaua  diagram  of  injection  [4],  Furthermore,  the  distance 
between  the  plates  of  inflector  aust  be  equal  to  the  doubled  aperture 
of  path/track,  which  even  more  increases  stress/voltage  on  the 
platas,  namely  of  up  to  approximately  +-500  kv  in  the  contrary 
traveling  wave. 

For  decreasing  this  value  it  is  proposed  to  carry  out  in 
injection  through  the  plate  of  inflector  as  follows:  space  between 
the  plates  can  be  divided  into  two  fields  -  field  of  the  aperture  of 
the  accumulator/storage  wnere  iivas  the  seized  beam  and  the  field  of 
inflector  must  be  created  in  tne  form  of  impulse/momentum/pulse  with 
the  duration  smaller  than  the  period  of  revolution,  and  by  steep  wave 
fronts,  that  also  present  basic  difficulty,  and  the  region,  which  is 
located  lower  than  the  aperture  where  it  is  possible  to  create 
quasi-permanent  magnetic  field  into  ~300  e,  that  ensures  the 
corrective  turn  of  the  lower  part  of  the  beam. 


Page  198 
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These  regions  are  separated  ny  current  partition  by  the  thickness 
into  several  the  tenths  of  millimeter ,  through  which  the  bean  is 
passed  virtually  without  tne  losses.  This  partition  is  the  upper  part 
of  the  volumetric  plate  of  infiactor  and  the  "knife"  of  unusual 
septu m-magnet,  which  is  locateu  within  the  plate.  This  method  of 
injection  substantially  decreases  the  difficulties  of  designing  of 
high-voltage  oscillator  for  tne  inflector. 

The  described  diagraa  of  ootaining  j.ad  injection  of  antiprotons 
will  make  it  possible  tc  gather  all  particles  in  the  root-mean-square 
angle  of  generation  in  the  prescribed/assigned  momentum  range  and  to 
tring  the  coefficient  cr  capture  into  the  accumulator/storage  to 


t 
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Fig.  2.  Diagram  of  the  icjection  of  antiprotcns  into  the 
accumulator/stor age.  Mt  -  rotary  magnet;  Lt  -  Ians;  M2  and  U3  - 
intake  magnetic  1  -  magnetic  accumulator/storage;  2  -  upper  plata  of 
inflactor  and  position  of  lower  (dotted  line)  with  the  admission  with 
that  doubled  distance  between  the  plates;  3  -  separating  current 
foil;  4  -  current  busfcar/tire  of  septum-magnet ;  5  -  volumetric  lower 
plate  in  the  case  of  the  admission  through  the  foil. 
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151.  Aberrations  and  allowances  in  the  system  of  the 
aonochromatization  of  the  external  beam  cf  isochronal  cyclotron. 

Yu.  G.  Basargin,  V.  I.  Bogdanova,  0.  A.  ilinyaev,  Yu.  P.  severgin. 

A 

(Scientific  research  institura  of  electrophysical  equipment  ira.  D.  V. 
Efremov)  . 

N.  I.  Venikov,  N.  N.  Posel,-si/,  Ye.  S.  Khodakov. 

(Institute  of  atomic  energy  xm.  I.  V.  Kurchatov)  . 

The  description  of  system  earlier  was  given  in  work  [1],  where 
also  are  contained  the  results  cf  the  ion-optical  calculations, 
carried  out  in  the  linear  approximation/approach,  whence  follows  the 
possibility  of  the  tenfcld  decrease  of  energy  scatter,  if  the  phase 
width  of  raonoene rget ic  ion  clusters  does  not  exceed  6°  at  the 
entrance  into  debuncher.  The  present  com aunication/report  supplements 
work  [1]  by  the  results  cf  the  calculations  of  the  longitudinal  and 
transverse  aberrations  of  the  second  order,  which  appear  with  wiring 
of  the  bundle  through  longitudinal  separator-achromatic  rotary  system 
(see  figure).  Purthermcr  i.,  are  evaluated  allowances. 
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Calculation  method. 

Was  integrated  the  system  of  three  equations,  which  describes 
with  an  accuracy  down  tc  tne  terms  of  the  second  order  of  smallness 
particle  motion  in  the  curvilinear  system  of  coordinates  [2] 

*"  +  (  1-n)hax  -  h6  +  (2n-  1-p)hax2+  h'xx'+ 

+  -^-htlV(<2-n)h2n:(S  +4[(Hll-iih3+Clpha)22+ 

'•  h'za1 — hz,2~  hda  +  ; 

zu+  nh2z  —  2(p-n)h3  xx  +  h'xx1- h' x'z  + hx'z'+ 

+  nh2z6  +  ; 

6"  +  — $ —  hx - 1"  (®|2+  Z|2). 

Page  199. 

Here  x  and  z  -  horizontal  and  verticals  deflection  from  the 

basic  orbit;  a  -  the  longitudinal  deflection  of  particles  froa  the 

center  of  gravity  of  cluster;  a  -  curvature  of  basic  orbit;  6  - 

(X*\d 

relative  heterogeneity  of  iapulses/raomenta/pulses ;  nA 0  -  respectively 
generalized  the  field  index  and  tne  coefficient  of  its  quadratic 
nonlinearity;  7  -  relativistic  factor;  f*  and  -  functions,  which 

consider  the  divergences  of  the  parameters  froa  the  ideal  ones; 
differentiation  is  produced  cn  the  arc  of  basic  orbit. 


I 

l 


,  J5-T-V-1  -i  Wr* 
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Reference  point  fee  caa  aonzontal  and  longitudinal  motions  was 
undertaken  at  a  distance  oi  ~J.O  at  before  magnet  al  (see  figure);  for 
the  vertical  motion  this  distance  is  equal  to  ~3.6  a.  At  the  points 
indicated  is  assumed  the  distribution  of  initial  conditions  on  the 
phase  rolling  planes  within  tne  rectangles  with  the  sides 

2xo»0,2r.w;  22o-0,5cm;  2x'0- 2-10'J^ 

24,-8  iO"3 

The  heterogeneity  of  impuJ ses/momeata/pu Ises  is  assumed  to  be  equal 
to  6=  +  -10“"3.  In  the  calcuia -ions  were  utilized  the  geometric  and 
magnetic  parameters  of  system#  indicated  in  [1].  Coefficient  3  in 
270-  degree  magnets  is  accepted  equal  to  0„69  (conical  of  pole). 


Quadratic  corrections  for  the  focusing  by  the  fringing  field  of 
sector  magnets  were  introduced  under  the  assumption  of  "rigid"  edge, 
aith  the  bent  boundary  cf  rotary  magnet  with  field  in  basic  orbit 
the  effect  of  a  radius  of  nending  a  is  equivalent  to  effect  from  the 
sextupole  lens  of  length  1  with  the  "gradient"  ~  if  is 

fulfilled  the  relationship/ratio: 

_L  j!S_. _ 3 

2  C  2B  ^  e- 

2.  Axial  motion. 


Longitudinal  divergence  of  particles  relative  to  the  center  of 
gravity  of  cluster  is  calculated  at  the  output  of  system  after  magnet 
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mjin  the  point,  the  symmetrical  initial.  With  an  accuracy  down  to  the 
terms  of  the  second  order  of  smallness  this  divergence  (in  the 
centimeters)  is  expressed  by  the  dependence 
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The  second  term  corresponds  tc  the  efficiency  of  the 
longitudinal  separation  of  particles  on  the  impulses/mosenta/pulses, 
which  reaches  <--75  cm.  The  upper  values  of  coefficients  correspond  to 
the  connected  corrective  sextupola  lenses.  In  this  mode/conditions 
the  maximum  aberrational  broadening  (shift)  of  clusters  reaches  26 
cm,  which  corresponds  to  the  Broadening  of  acnoenergetic  clusters  to 
inadmissibly  high  value  cf  1J°.  The  greatest  contribution  introduce 
in  this  case  the  terms,  proportional  to  52  and  6x10.  The  parameters 
of  sextupole  lenses  are  selected  for  the  purpose  of  becoming  zero 
appropriate  coefficients.  For  lenses  SP2  and  SPl2  dimensionless 
parameter  *■ ^  ^  |^“0/3475;  toe  lenses  SP3  and  SP1^  it  is  equal  to  0.0454 
(length  of  lenses  1=40  cm).  In  the  compensated  mode/conditions  (lower 
coefficients  maximum  aberrational  broadening  is  0.6  cm  or  0. 3°  on  the 
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3.  Transverse  motion. 

At  the  output  of  system  tne  parameters  of  transverse  horizontal 
motion  with  the  connected  sextupoie  lenses  are  determined  by  the 
expressions: 

X»-X0  —  Q,57- x0^ -  1,04  1Q3x'q2  +  58,1  X0Xq +  62,2<5x0+ 

+  1,3(5  x|j-  2,9SaJ  -S,5-  103Zq2-  133-  -0,13- 10s  <5ft; 

X1-  5,97- 10_1  Xo-x'o-0,76  ■  IQ-1  +41, 1-X^+0p3xx'+ 

+  1,34  <5x0  - 187  d  Xq- 8,4  10“3  z£  +  99,9  ■  x‘2-Q,06 
-0,13-10  V. 

From  these  expressions  it  rs  evident  that  at  the  point  of 
horizontal  focus  the  aberrational  oroadening  composes  not  more  than 

■7 

7  _ 

0.8  cm  and  aberrational  angle  not  more  than^*10~3  rad.  Similarly  the 
calculated  aberrational  broadening  z  at  the  point  of  vertical  focus 
is  not  more  than  +-0.4  cm  and  the  aberrational  angle  zl  is  act  more 


than  +-2-10"”3  rad 


•  -i_3f  V*,>  v  -  *S?r*p&i%i'f  1 
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system  of  monochromatization. 
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Key:  (1).  From  the  cyclotron. 


Page  200. 
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The  optimization  cf  the  aberrations  of  transverse  motion  is 
possible  by  the  selection  of  tne  parameters  of  the  six-pole  lenses 
SP i  and  S?1!,  which  do  not  affect  longitudinal  motion.  From  the 
estimations  conducted  it  follows  that  the  start  of  these  lenses 
decreases  the  linear  and  angular  aberrations 
approxiraately/exemplar ily  doubly. 

4.  Allowances. 

Were  carried  out  the  calculations  of  the 
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disturbances/perturbations,  caused  by  the  imperfection  of  the 
geometry  of  system  and  by  the  teaporary/time  instabilities  of 
magnetic  fields. 

The  inadequacy  of  geometry  laads  in  limits  of  accuracy  of 
calculations  only  to  the  stationary  longitudinal  shift/shear  of 
center  of  gravity  of  cluster  anu  it  does  not  affect  the  resolution  of 
the  diagram  of  aonochrc macizaticn.  However,  it  gives  the  lateral 
misalignment  of  beam  at  output  of  system.  Geometric  allowances  were 
estimated,  on  the  basis  cf  the  saximua  root-mean-squara 
disturbance/part urbation  ot  tne  angle  of  axial  trajectory,  equal  to 
+-1Q—J  rad.  Allowance  for  the  transverse  displacement  of  the  magnetic 
axes  of  the  quadrupole  lenses  vj,  Q! »  and  Q2  is  +-0.1  mm,  the 
longitudinal  displacement  of  these  lenses  must  be  not  more  than  +-2 
mm  and  rotation  relative  co  center  is  not  more  than  +-10“3  rad. 
Allowances  for  transverse  displacements  270-  and  90-degree  magnets 
are  +  -0.5  mm,  longitudinal  displacements  +-2  mm  and  angular  +-10“** 
rad.  Allowance  for  the  value  ot  the  index  of  a  field  slope  in 
270-degree  magnets  ccajcses  +-0.  lo/o.  The  geometric  allowances 
indicated  can  be  provided  with  both  the  use/application  of  means  of 
geodesy  and  with  use  of  tae  corrective  windings  in  the  lenses  and  in 
270-  degree  magnets. 

The  temporary/tiae  instabilities  of  the  fields  of  rotary  magnets 
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lead  both  to  the  instability  or  tne  longitudinal  position  of  clusters 
and  to  the  unsteady  lateral  misalignment  of  beam  at  output  of  system. 
To  the  latter/last  effect  it  leads  also  an  inaccuracy  in  the  setting 
up  of  fields  in  the  magnets  with  the  control  of  energy.  If  four 
rotary  magnets  are  excited  from  the  independent  power  supplies,  then 
with  the  stability  of  field  an  each  magnet  {M,  M’l,  st,  m '  t 2*1 0  s 
and  the  same  precision/accuracy  of  the  setting  up  of  field  will  occur 
instability  or  +-0.6°  pause  of  cluster  in  debuncher  and  instability 
+-2*1 0*~3  rad  of  the  inclination/siope  of  the  axis/axle  of  beam  at 
output  of  system.  With  the  series  feed  of  the  excitation  windings  of 
all  four  magnets  from  cne  source  in  view  of  achromaticity  of  system 
generally  is  absent  the  lateral  disalign ment  cf  beam  at  output  of 
system.  In  this  case  the  instamlity  +-2*10~5  of  field  current  leads 
to  instability  of  ♦-0.8°  phase  of  cluster;  is  permitted  the 
precision/accuracy  of  ♦-  10~4  settings  up  of  current  with  the  control 
of  energy.  The  stabilization  or  coil  current  of  guadrupole  lenses 
with  precision/accuracy  +-10"'  is  more  than  sufficient. 

Allowance  for  the  phasing  of  resonators  of  +-1°;  allowance  for 
the  amplitude  of  str  ess/ voltage  -  ♦~2*10“’3. 

5.  Conclusion. 


Results  of  the  calculations  of  aberrations  and  allowances 
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confirm  the  possibility  of  the  teafold  decrease  of  the  energy  scatter 
of  cyclotron  beam  with  phase  width  of  5°  and  with  the  transverse 
eaittanc8  30+40  mm  arad.  Upon  the  start  of  sextupole  lenses  the 
aberrational  broadening  cf  clusters  does  not  exceed  0.5°  and 
effective  transverse  eirittaacs  is  not  more  than  twice.  Allowances  for 
the  geometry  of  the  elements  cf  system  and  for  the  stabilization  of 
magnetic  fields  are  virtually  fulfilled. 
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152.  Procadure  of  beam  extraction  on  the  accelerator  of  "Nimrod". 

D.  Grey,  M.  Harold,  R.  dcrgan,  N.  Knig,  M.  O'Konnel. 

(Rutherford  high-energy  laboratory,  England)  . 

tav  introduction. 

The  proton  synchrotron  of  "Nimrod"  to  the  energy  7  GeV  with  the 
intensity  2.5»1012  protons  per  pulse  has  three  lines  of  beam 
extraction  (Pig.  1).  Two  of  them  (XI  and  X2)  work  from  one 
deriving/concluding  magnet.  At  ths  flat/plane  pulse  apex  the  current 
of  magnet  they  change  ever,  providing  rapid  beam  spill  for  line  XI 
and  slow  discharge/break  for  lines  X2.  Third  line  (X3) 
sarvices/maintains  new  experimental  hall  and  it  emerges  at  angle  of 
90°  relative  to  line  XI.  Until  June  1970  for  both  channels  was 
utilized  the  achromatic  aethod  cf  conclusion/output  [1]  without  the 
energy  losses  and  the  effectiveness  of  conclusion/output  were  usually 
approximately  30o/o.  For  each  cnannel,  except  the  deriving/concluding 
magnet,  is  necessary  plunger  guadrupole  lens.  Since  more  than  80o/o 
circulating  beam  utilize  for  the  conclusion/output,  were  developed 
the  test  plans  of  other  two  methods  which  must  increase  the 
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effectiveness  of  conclusicn/output. 

Page  201. 

The  first  of  these  aethods,  nataed  "riccicni*s  diagraa  with  the 
thin  shielding  partition"  [2],  were  developed  to  January  1970  and  was 
utilized  on  line  X3.  The  second  aethod  "resonance  conclusion/output" 
[3]  was  also  tasted,  but  for  its  optimization  were  necessary  further 
investigations. 

Piccioni’s  diagraa  with  the  thin  shielding  partition. 

As  it  follows  from  tae  name,  this  aethod  requires  the  use  of 
plunger  deriving/concluding  magnet  (XH10)  with  the  thin  shielding 
partition  which  in  practice  has  a  thickness  of  11  an  (Pig.  2).  Bean 
they  guide  to  beryllium  target  with  a  length  of  1.85  ca,  the  most 
probable  energy  loss  in  which  is  5.1  MeV.  Due  to  an  abrupt  change  in 
the  closed  orbit  the  large  pact  of  the  beam  enters  in  XM10  for  one 
revolution  later  and  is  aef lectea/divert ed  in  the  direction  of 
half-quadrupole  XHQ2 ,  located  zhe  fringing  field  "Nimrod"  (Fig. 

3)  .  This  quadrupole  partly  reaoves  the  large  radial  divergence  of 
beam,  introduced  by  fringing  field.  Further  protons  enter  into  the 
first  elements  of  the  line  of  Deaa  extraction. 
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The  starting/launching  or  diagram  with  the  thin  shielding 
partition  was  considerably  entreated  by  the  use  of  a  system  cf 
cybernetic  control,  put  into  operation  six  by  months  earlier.  Was 
first  introduced  current  ramp  m  XHq 2,  which  made  it  possible,  to 
accelerate  noraal  beam  witn  tae  intensity  2 • 1 G12  protons  per  pulse  to 
the  energy  7  GeV.  The  fears  taat  this  will  prove  to  be  difficult 
operation/process  due  to  the  interaction  between  "Nimrod”  and 
quadrupole  lens,  proved  to  be  unsubstantiated.  From  the  very 
beginning  it  became  possible  to  accelerate  noraal  beams,  supplying 
XHQ2  by  direct  current.  However,  because  the  attracting  forces  force 
quadrupole  lens  strongly  to  be  shifted/sheared  with  each 
impuls8/momentum/pulse  of  "Nimrod*',  it  it  was  necessary  to  displace 
relative  to  nominal  position  ay  2.3  cm.  Possibly,  this  causes  certain 
loss  of  beam.  At  present  is  da veloped/processed  the  more  durable 
holder  for  the  quadrupole  lens,  which  will  make  it  possible  to  set  it 
in  the  optimum  position.  The  caservation  of  beam  is  produced  with  the 
aid  of  the  scintillators,  placed  before  and  after  XHQ2.  The  results 
of  observations  confirm  the  conclusion  that  XHQ2  will  cost  net  in  the 
best  position,  since  the  neam  interferes  the  far  end  of  the  neutral 
pole. 

However,  after  the  optimization  of  the  length  of  beryllium 
target  first  time  it  was  possiale  to  derive  of  "Nimrod"  1.0*  1012 
pretons  per  pulse  with  the  effectiveness  only  below  50  %  .  After 
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this  on  entrance  XHQ2  they  set  toil  irradiation  by  which  showed  that 
the  beam  has  an  expected  fora  and  a  size/dimension  and  corresponds  to 
660/0  of  circulating  beaw.  Thus,,  tne  gear  ratio  of  the  line  of  beam 
extraction,  which  switches  on  XHQ2,  composed  76o/o.  It  is  known  that 
XHQ2  turns  the  beam  apprcximately/exemplarily  on  3  mrad.  This 
rotation  they  compensate  oy  tne  supplementary  quadrupole  3.cns  XHQ3, 
which  ensures  furtuer  focusing.  However,  can  prove  to  be  sufficient 
set  instead  of  IHQ3  the  small  deflecting  aagnet,  which  will  be  that 
more  moving  rap  ^ly,  cheap  and  less  coaplicated.  It  is  assumed  that 
this  will  sake  it  possicle  to  cao.se  the  effectiveness  of 
conclusion/output  to  6O0/0. 

Resonance  eonclusion/outpuc. 

Theoretical  studies  showed  taat  it  is  possible  to 
derive/conclude  beaa  alccg  the  existing  lines  XI  and  X3,  utilizing 
resonance  with  Qx-2/3.  Realization  of  this  became  possible  after  the 
setting  up  of  the  deri ving/concluding  magnet  with  the  thin  shielding 
partition  for  Piccioni's  modified  diagram.  Vertical-plunger  magnet  on 
the  field  2  kHz  in  arranged/located  to  one  octant  before  XM10,  and  it 
has  the  shielding  partition  with  a  thickness  of  2.5  cm  (Fig.  4).  with 
the  emergence  of  resonance  the  protons,  which  passed  through  this 
shielding  partition,  are  def locted/diverted  to  inlet  XM10  and  then 
they  will  be  ejected  ncraaily. 
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Pig.  2.  Plunger  deri ving/concluding  magnet  XM10.  1  -  winding  for  the 
compensation  for  magnetic  resistance;  2  -  aperture;  3  -  shielding 
partition;  4  -  winding  for  the  compensation  for  external  magnetic 
flux;  5  -  magnet  yoke. 
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Fig.  3.  Seaiguadrupole  XhQ2. 


Fig.  4.  Vertical-plunger  magnet  an  field  2  kg. 

Page  203. 

Since  "Nimrod"  is  accelerator  with  the  large  aperture,  for  the 
control  of  field  gradient  and  for  obtaining  the  necessary  sextupole 
component  of  the  second  harmonic  utilize  the  pole  windings.  Field 
gradient  in  the  aperture  of  "Nisrod"  with  the  intensity/strength  14 
kg  is  shown  in  Fig.  5.  Cn  radius  R0  the  field  index  n  is  equal  to 
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0.7,  which  considerably  exceeds  tae  resonance  value  of  n^3=0.647. 

With  the  approach  to  the  resonanca  from  the  side  of  the  higher  values 
of  n  an  increase  in  the  amplitude  is  limited  to  the  large  octupole 
component  of  field  (Fig.  ii)  ,  in  connection  with  which  before 
beginning  conclusion /o ct put  it  is  necessary  to  bring  value  of  n 
approximately/exemplariiy  to  0.  o.  With  the  approach  to  resonance  from 
the  side  of  this  lower  value  n  tor  the  protons  affects  the 
average/oean  field  gradient,  which  approaches  n^3  in  proportion  to  an 
increase  in  the  amplitude,  so  that  resonance  is  unconfined  by  useful 
aperture.  With  the  approximation/approach  to  an  external  part  of  the 
aperture  gradient  they  suppress,  utilizing  another  pole  winding, 
which  creates  the  small  purely  sextupole  coopcnent  of  field.  This 
allows  as  one  of  the  possible  aetaods  of  discharge/break  to  direct 
beam  into  the  unstable  region.  Another  method  of  discharge/break  in 
question  consists  in  he1  "ing  of  ream  on  the  circumference  of  a 
permanent  radius  and  in  an  adjustable  manner  to  increase  n  to  value 
of  n 2J3  for  the  elongation/exteut  of  flat/plane  pulse  apex. 

The  width  of  the  circulating  beam  varies  from  12  to  15  cm.  Since 
the  region  of  a  good  field  comprises  the  majority  of  the  cases  of 
altogether  only  of  20  cm,  remains  little  place  for  the  beam 
displacement.  Furthermore,  it  is  not  possible  to  allow  the 
penetration  of  protons  tco  far  into  first  magnet  (R  X3) ,  since  the 
nonlinear  leading  field  cn  these  small  radii  will  distort  the 
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characteristics  of  phase  space  upon  transfer  from  RX3  to  X»10.  For 
this  reason  F.X3  they  estaolasa/install  close  to  inward  flange  of 
beam.  As  a  result  the  ccaprassrcn  in  three  revolutions  on  a  radius  of 
the  shielding  partition  is  changed  in  the  process  of  discharge/break 
over  wide  limits  with  tne  decrease  of  size  of  stability  region  (Fig. 

7)  .  Another  def  iciency/lacx.  is  a  large  change  in  the  divergence  of 
the  concluded  beam  with  the  discnacge/break  (Fig.  6) . 

The  first  tests  of  this  diagram  were  moderately  encouraging.  The 
method  of  discharge/break  consisted  in  the  confining  of  beam  on  the 
circumference  of  a  permanent  radius  and  increase  n  to  n^3.  The  time 
of  discharge/break  was  approximately  100  as.  As  it  was  expected, 
proved  to  be  to  difficult  control  oeam  at  the  flat/plane  pulse  apex 
without  the  premature  losses;  ncwever,  from  50  to  60o/o  of 
circulating  beam  it  was  possiole  tc  transmit  to  external  target  where 
was  obtained  the  spot  of  a  good  guality.  The  measured 
sizes/dimensions  of  spot  composed  a  total  of  several  millimeters  in 
both  directions.  The  foil,  irradiated  at  the  entrance  into  XHQ2, 
recorded  70o/o  of  beam,  tut  it  detected  the  divergence  of  beam  from 
the  horizontal  axis  (Fig.  9). 
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Fig.  6. 


Fig.  5.  Field  gradient  in  accelerator  of  "Niarodw. 


Key:  (1).  n  with  14  kg  without  the  correction.  (2).  n  after  setting 
up  of  pole  windings. 


Pig.  6.  Octupole  component  of  field. 


Key:  ( 1)  .  orad 
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Fig.  7.  Fig.  8. 


Fig.  7.  Decrease  of  winding  of  stability  during  compression. 

Key:  (1).  arad,  (2).  Shielding  partition. 

Fig.  8.  Change  in  divergence  of  concluded  beam  with  discharge/break. 

Key:  (1).  rnrad.  (2).  Shielding  partition. 

Fage  204. 

The  detailed  laying  out  cf  the  protons  through  the  line  of  beam 
extraction  thus  far  it  was  not  carried  out,  so  that  it  cannot  be 
said,  it  does  lead  this  divergence  to  the  serious  losses  of  beam. 
Divergence  is  explained  either  ny  the  errors  for  the  leading  field  in 


DOC  =  30069316  FAGS 

the  median  plane  or  by  conn  action/communication  with  nearest  ; 

resonance  2Q.V  -  Q-va  l.  Furtaer  program  provides  the  detailed  studies  of 

> 

3 

different  methods  of  discnar ge/braak,  optimization  of  currents  in  the  j 

pole  windings  and  the  control  of  the  radial  position  of.  plunger  1 

magnets.  Is  planned/ gliued  co  also  replace  RX3  with  the  magnet,  which 
contains  the  cooled  on  the  periphery  shielding  partition  by  the 
thickness  of  altogether  only  of  1. 2  on.  In  this  stage  it  is  not 
possible  to  predict  final  effectiveness  -  for  this  it  is  necessary  to 
fulfill  still  much  work. 

i 

Diagram  with  the  energy  losses  on  the  thin  shielding  partition  j 

.  i 

m  essence  justified  authors*  expectations.  It  is  assumed  that  after  j 

the  setting  up  of  the  trentioned  above  deflecting  magnet  will  be  j 

achieved/reached  the  effectiveness  of  order  60o/o.  Since  in  this  case  j 

will  not  be  required  the  plunger  guadrupole  lens,  is  decreased  time 
to  the  maintenance,  will  rise  reliability  and  it  will  prove  to  be 
possible  to  divide  the  circulating  beam  with  external  targets.  If  • 

this  diagram  was  accepted  for  complex  X1/X2,  not  only  would  increase 
the  effectiveness  of  these  Deans,  but  it  would  be  possible  tc  forego 
the  supplementary  pluncer  mechanism. 


Resonance  conclusicn/output  requires  supplementary  plunger 
mechanism  and  possesses  known  aeficiency  in  the  form  of  modulation  of 
discharge/break  due  tc  the  presence  of  the  pulsations  of  field.  It  is 
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difficult  also  to  ensure  tna  separation  of  beam  with  external 
targets.  Furthermore,  tne  unccmacniy  high  currents,  consumed  by  pole 
windings,  remaining  within  the  limits  of  allowances,  indicate  the 
determination  structural/design  deficiencies  and  radiation  damages, 
which  appear  in  the  end  connections.  This  led  to  the  considerable 
time  losses  in  the  period  of  starting/launching.  Even  if  theS' 
mechanical  deficiencies/ lac  ics  it  is  possible  to  overcome,  the 
mentioned  above  difficulties  in  combination  with  the  success, 
achieved  during  the  use  of  a  diagram  with  the  thin  shielding 
partition,  will  mean  that  the  resonance  method  maxes  sense  to  accept 
only  upon  reaching  of  e £  feet i v mess  not  less  than  8O0/0. 


f  J*8«lOS 


mmmtsim 


DOC  =  80069316 


TAGS 


P'l 


Fig.  9.  Photograph  of  fceaa  at  entrance  HXQ2. 
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153.  Strong-focusing  elements/cells  for  the  beam  steering  in  the 
systems  of  the  transportation  of  Dean. 

S.  Ya.  Yavor,  L.  P.  Ovsyanmxova. 

(Physiotechnical  institute  in.  A.  F.  Joffe  of  the  AS  USSR). 

Ye.  Koltai,  G.  Sabo. 

(Institute  of  nuclear  researcn,  Hungary) . 

In  the  literature  is  examined  the  series/row  of  different 
electron- /electronic-  optical  systems,  utilized  as  the 
devices/equipaent  of  bean  steering  in  the  systems  of  the 
transportation  of  beam.  From  experiment  of  practical  wort  on  the 
accelerators  it  is  known  that  the  position  and  the  direction  of  beam 
at  output  of  accelerator  are  subjected  during  the  work  of  the 
accelerator  to  random  changes  For  obtaining  the  stable  conditions  of 
irradiating  the  target  it  is  desirable  to  create  the  systems  of  beam 
steering,  capable  of  correcting  such  oscillations  of  beam.  Among 
different  known  systems  it  is  possible  to  indicate  the  magnetic  and 
electrostatic  deflection  fields  ct  different  configurations. 
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Several  years  ago  two  of  the  authors  of  this  work  proposed  the 
new  eleaents/cells,  based  on  the  principle,  experimentally  checked  in 
the  institute  of  Mils  Bchc  in  Copenhagen.  In  the  literature  these 
elements/cells  are  mentioned  as  "asymmetric  quadrupole  lenses”.  In 
the  earlier  work  of  the  autaors  it  was  shown  that  during  the  new  feed 
mode  of  the  quadrupole  lenses,  available  on  each  accelerator,  it  is 
possible  to  achieve  beam  steering  without  the  introduction  to  the 
system  of  the  transportation  of  the  beam  of  new  elements/cells. 

Page  205. 

As  a  result  of  the  continuous  operation,  connected  with  the 
electron-optical  description  of  such  asymmetric  lenses,  was  developed 
the  electron-optical  treatment  of  che  first  and  third  orders,  and  are 
also  brought  out  and  calculated  the  supplementary  aberrations,  called 
asyametrization.  Were  siaultaneously  obtained  experimental  results 
for  different  systems  cn  the  accelerators  in  the  institute  of  nuclear 
rasearch  in  Debracen  (Hungary)  and  on  van  de  Graaf's  oscillator  in 
the  Joint  Institute  for  Nuclear  Besearch  in  Dubna.  This  latter/last 
work  was  carried  out  in  the  coiianora tion  with  I.  osetinskiy’s  group. 


Kill  summed  up  below  seme  enumerated  above  results  for  the 
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target  convince  scientists,  wno  work  on  the  accelerators,  of  the 
usefulness  of  asymmetric  guadrupcla  lenses.  For  simplicity  will  here 
deal  the  question  with  electrostatic  lenses,  although  the  obtained 
results  are  real  for  the  magnetic  guadrupole  lenses.  Authors' 
experimental  results  were  obtained  on  the  electrostatic  high-voltage 
accelerators;  however,  the  same  systems  can  successfully  be  used  on 
ether  types  of  accelerators,  switcaing  on  accelerators  with  the 
topmost  energies. 

The  idea  of  asymmetrization  is  illustrated  on  given  below 
figures.  Fig,  I  shows  normally  symmetrical  quadrupole  field; 
generated  by  four  cylindrical  electrodes,  moreover  in  electrodes  are 
shown  stresses/voltages,  expressed  in  the  percentages.  Points  were 
obtained  with  the  aid  ct  the  electrolytic  bath,  and  curves  show 
calculated  equipotential  lines,  fig.  2  depicts  the  case  of 
asymmetrization  along  the  horizontal  axis.  Here  the  voltages  of 
electrodes  are  changed  from  -lud  on  -140  and  from  -100  to  -60o/o 
respectively,  i.  e.  ,  alcng  me  aoxizontal  axis/axle  is  introduced  40- 
percent  asymmetry.  The  character  of  equipotential  lines  clearly  shows 
that  asymmetrization  leads  in  essence  to  the  shift  of  initial  field 
to  the  electrode  with  the  lower  voltage,  without  the  special 
distortion  of  the  structure  of  field.  In  Fig.  3  it  is  depicted 
asymmetrization  to  40-40c/o  in  two  directions.  In  this  case  the 
center  of  field  will  be  mixed  on  layers  x  and  y  in  accordance  with 
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entering  first-order  formula,  prove  to  be  equal  to  and 

-q^=  ~^y\  respectively  for  tne  case  of  cylindrical  electrodes.  This 
means  that  the  relative  aixing  cf  center  is  connected  with  the 
relative  asymmetry  with  coefficient  ^=r . 

On  the  basis  of  the  fcrmuia  of  potential  distribution  of 
first-order  it  is  possicle  to  describe  the  focusing  properties 
through  th8  usual  matrix  formalism  and  by  the  use  of  a  oatrix/die  of 
transfer  3x3,  which  cortains  rour  elements /cells  of  the  symmetrical 
case  and  other  two  elements/cells,  connected  with  the  parameters  of 
asymmetry. 

From  this  examination  it  follows  that  the  focal  length  of 
asy. metric  leas  is  equal  to  focal  distance  of  symmetrical,  but  as  a 
result  of  asymraetrization  of  tne  current  of  fccus  it  is  displaced  in 
the  transverse  direction  in  tne  distance,  equal  to  the  shift  cf  the 
center  of  field.  Therefore  image  will  be  located  on  the  axis/axle  of 
lens  only  in  the  case  if  object  is  displaced  with  respect  to  the 
axis/axle. 

Fig.  4  depicts  the  behavior  of  the  shift  of  the  beam  of 
asymmetric  singlet  as  the  function  of  asymmetry  of  potential.  From 
the  experimental  points  and  the  calculated  solid  lines  it  follows 
that  the  beam  is  displaced  in  the  transverse  direction  with  respect 
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to  the  axis/axle  in  the  distance,  proportional  to  asymmetry.  Fig.  5 
depicts  the  same  properties  for  the  asymmetric  doublet.  In  the  case 
of  doublet  it  is  possible  to  select  four  parameters  of  asymmetry  in 
accordance  with  concrete  coaditiuas  for  the  entrance;  two  on  the 
first  lens  and  two  on  the  second,  in  both  cases  for  x  and  y  axes.  It 
is  obvious  that  these  four  independent  parameters  make  it  possible  to 
correct  four  independent  variaoi.es  -  coordinates  x  and  y  angles  xl 
and  y1  at  the  entrance  of  Ians  sc  that  the  beam  after  lenses  would 
emerge  along  the  axis/axla.  This  means  that  the  image,  created  by  the 
effect  of  th8  focusing  of  guadrupole  doublet,  can  be  obtained  on  the 
axis/axle  of  lens  even  in  tne  case  when  beam  does  not  enter  along  the 
axis/axle  of  doublet,  when  four  parameters  of  asymmetry  have  the 
appropriate  values. 

3y  considering  the  field  of  asymmetric  lens  as  the  superposition 
of  the  fields,  which  belong  to  the  usual  symmetrical  lenses 
(quadrupole  component)  and  the  as/aaetrizing  potential  difference 
(dipole  component),  it  is  possible  to  expect  that  the  fringing  field 
of  these  two  components  has  different  character.  This  means  that,  as 
a  rule,  effective  length  of  symmetrical  (focusing)  components  differs 
from  effective  length  of  asymmetric  (deflecting)  components.  The 
results  of  measurements  and  calculations  showed  that  effective  length 
of  the  deflecting  component  is  greater  than  fccusiag  one.  In 
accordance  with  these  investigations  among  the  studied  configurations 


i 

f 

i 

i  was  selected  the  quadrupole  leas,  which  consists  of  the  concave 

I 

j  cylindrical  electrodes,  since  it  had  the  smallest  difference  between 

symmetric  and  asymmetric  effective  lengths.  However,  this  difference 
of  effective  lengths  also  can  oe  taken  into  consideration  in  the 
formalism  of  the  matrix/die  of  the  transfer. 

Fig.  6  depicts  typical  case  or  the  usa/application  of  an 
asymmetric  quadrupole  lees  for  tne  focusing  and  the  beam  steering. 

|  Here  beam  enters  to  the  rignt  and  is  focused  ty  doublet  on  the 

j  entrance  slit  of  magnetic  sector.  The  second  astigmatic  image  is 

arranged/located  on  exit  slit  of  the  same  magnet.  Thus,  beam  passes 
through  the  entrance  slit  at  tne  vary  high  intensity,  undergoing  at 
the  output  the  double  focusing. 

i 
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Fig.  5.  Shift  of  beats  for  the  asymmetric  doublet 
(L/a-7,1;  of/t-0,18 ;  v*,,-  V^o"0.03) 

Page  208. 

The  properties  of  beam  steering  tor  the  doublet  allov/assume  the  same 
precise  focusing,  virtually  not  depended  frctn  position  and  direction 
of  beam  at  the  entrance  cf  lens.  Tne  authors  created  also  systems  for 
three  different  high-vcltage  accelerators  in  the  sections  of  the 
mating  of  accelerator  tubes  with  the  magnetic  analyzers  and  it  turned 
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out  that  the  intensity  or  oeaa  during  the  use  of  the  focusing  effect 
cf  doublet  can  be  increased  1. d-5  tines,  moreover  this  high  intensity 
is  attained  independent  cf  the  conditions  for  the  introduction/input 
of  beam. 

From  the  point  of  view  of  practical  uses/applications  is  very 
important  a  question,  do  appear  aue  to  the  distortions  of  field  as  a 
result  of  asy maetrization  strong  suppleaentary  aberrations.  The 
theory  of  the  third  order,  developed  by  the  authors  for  the  focusing 
properties  of  asymmetric  lenses,  gives  response/answer  to  this 
question. 

As  illustration  of  the  results  of  analytical  calculations  Fig.  7 
depicts  the  curved  aberrations,  calculated  for  the  electrostatic 
quaarupole  singlet  with  a  length  of  150  mm  with  concave  cylindrical 
electrodes  (2s  =  45°)  ana  oy  aperture  15  am.  Distances  from  the 

object  and  from  the  image  ware  1C00  mm  respectively  from  the  intake 
planes  and  output.  Curves  are  the  envelopes  of  aberration  for  the 
radius  of  entrance,  equal  to  the  half  aperture,  moreover  in  both 
planes  of  asymmetrizaticn  it  varied  from  0  to  40o/o.  As  a  result  of 
the  smallness  of  effect  the  scale  along  the  axis  x  is  increased  10 
times.  Numbers  by  the  curves  shew  beam  spreading  due  to 
asymmetrization. 
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asymmetcization  in  both  planes  rcom  0  to  40o/o. 

Page  209. 

However,  this  effect  does  not  significantly  affect  the  operating 
conditions  of  the  system  of  transportation  during  the  use  of  low 
values  of  asymmetry  and  nearnass  to  the  paraxial  beam. 

Fig.  8  gives  curved  aberrations  for  different  entrance  apertures 
in  the  case  of  the  object,  displaced  from  \.he  axis/axle  at  distance  5 
mm.  For  the  shift  of  i.rage  to  tne  axis/axle  was  used  40-  percant 
asymmetry.  ScaJa  along  the  axis  x  is  increased  tan  times,  and  on  the 
fitting  is  represented  the  spot  cf  beam  on  the  true  scale. 

The  programs  of  computers  were  written  also  for  the 
full/total/complete  case  of  as v auatric  quadrupole  doublet.  The 
curves,  calculated  fcr  the  electrostatic  guadrupole  corrector  who  is 
intended  to  set  to  van  de  Graaf's  oscillator  with  the  energy  5  MeV  in 
Debrecen,  are  given  in  Fig.  9  and  10  for  the  full/total/complete 
positional  errors  and  direction  respectively.  Here  also  the  scale  of 
the  scale  of  the  per penaicular  cf  image  is  increased  ten  times.  The 
curves  of  the  increasing  area  correspond  to  the  increasing  by 
steps/stages  in  0.05  a  apertures  input  radii.  Density  distribution 
cf  current  in  the  spot  cf  beam  cn  the  entrance  slit  of  magnetic 
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analyzer  is  represented  in  Fig.  11,  for  the  beam  with  the  Ciaussian 
distribution,  concentrated  to  9Qo/o  on  one  half  the  aperture  of  len„ 
at  the  entrance.  Taking  into  account  scale  distortions,  from  Fig.  11 
it  follows  that  the  large  part  of  the  beaa  is  concentrated  on  the 
narrow  line  near  the  axis/axle. 
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discussion. 

Ye.  Regenshtreyf.  What  di^iertsuce  between  your  aethod  and 
method,  which  uses  a  superposition  of  dipole  and  quadrupole  fields? 

Ye.  Koltai.  Yes,  tais  aethoa  is  actually/really  equivalent  to 
the  superposition  of  dipole  and  quadrupole  fields  and  all 
calculations  were  carried  out  on  the  basis  cf  this  superposition. 

Ye.  Regenshtreyf .  In  what  tnen  does  consist  the  advantage  of 
your  aethod? 

Ye.  Koltai.  Advantage  of  method  -  simplicity  of  realization.  He 
utilize  usual  quadrupoles  and  we  only  change  a  little  power-supply 
system. 


Ye.  Regenshtreyf.  1  doubt,  taat  in  this  case  you  do  not  lose 
degree  of  freedom  in  the  compensation  for  aberrations. 

Ye.  Koltai.  In  the  case  of  asymmetric  quadrupole  doublet  are 
four  parameters,  which  it  is  sufficient  for  the  adjustment  of 
position  and  direction  of  beam.  They  make  it  possible  for  us  to 
obtain  the  necessary  four  degrees  of  freedom. 


V.  G.  Da vidovskiy .  You  took  usual  quadrupole  aad  they  supplied 
pole  by  the  current  of  different  force.  In  this  case  to  the  basic 
quadrupole  field  are  acaed  dipcle  and  highest  raultipole  fields. 
However,  in  the  calculations  were  taken  into  consideration  only 
dipole  and  quadrupole  fields,  Co  intend  you  tc  prepare  and  tc 
investigate  the  systea,  waica  fcras  the  superposition  only  of  these 
two  fields? 


Ye.  Koltai.  With  tne  aid  of  tais  system  we'  in  practice  obtained 
the  sufficiently  good  quality  of  focusing.  Therefore  any  farther 
research  we  did  not  conduct. 
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154.  Calculation  of  the  optical  characteristics  of  the  system  of  the 
transportation  of  the  team  of  linear  electron  accelerator  to  the 
energy  60  MeV. 

Yu.  G.  Basargin,  V.  E.  celov,  A.  M.  Kokorin. 

(Scientific  research  instiruta  cf  electrophysical  equipment  by  them. 
C.  V.  Efremov)  . 

The  economical  utilization  of  an  accelerator  requires  the 
creation  of  the  system  ci  me  transportation  of  beam,  which  ensures 
work  by  several  independent  targets.  The  beam-separation  system  in 
question  is  calculated  and  desiyned  in  NIIEFA.  It  must 
accomplish/realize  trans portaticn  cf  beam  from  LUE  to  five  to  target 
devices/equipment  (Fig.  1)  wita  the  minimum  losses  and  provide  beam 
focusing  on  the  targets  into  tne  spot  with  a  diameter  of  2-3  cm. 
Energy  of  electrons  E  H0M  =  go  aeV,  in  this  case  not  more  than  lOo/o 
all  electrons  have  an  energy  of  less  than  o,9EH0M,  current  in 

as 

impulse/momentum/pulse  1^.  Frequency  of  accelerator  pulses  into  the 
separate  channels  from  10  to  1500  Hz  with  the  duration  of  flat/plane 
pulse  apex  from  0.5  to  b  ps.  The  geometric  parameters  of  beam  at  the 


. . . . 


DOC  =  30069317 


t  AG  2 


5  ?7^ 


entrance  into  the  system:  uiameter  -  2  cm,  divergence  1.10-3  rad. 


To  the  system  are  presented  tne  requirements  of  pulse-by-pulse 
beam  allocation,  which  leads  to  the  use  of  the  kickers-  This,  in 
turn,  it  imposes  the  restriction  on  tne  maximum  angle  of  rotation. 

The  wide  energy  spectrum  of  electrons  and  the  large  distances  between 
the  targets  cause  the  need  tor  the  selection  cf  the  achromatic  system 
of  the  rotation  of  beam.  If  system  ensures  the  passage  of  electrons 
in  the  range  of  energies  *-0.1,  in  the  worse  case  of  loss  in  the 
intensity  they  will  compose  20o/o  of  the  full  current.  With  the 
energy  of  electrons  60  tieV  the  isolatable  heat  output  will  be  ~12  k V, 
in  this  case  appear  intense  y  and  neutron  fluxes  and  the  protection 
of  equipment  from  radiations/emxssions  is  represented  by  the  problem 
of  paramount  importance.  Obviously,  under  such  conditions  must  be 
created  the  system,  which  ccnsiscs  of  a  small  number  of 
interchangeable  radiation  staole  elements/cells,  equipped  with  the 
means  of  check  of  the  position,  with  form  and  beam  current  of  the 
accelerated  electrons. 


1.  Description  of  system  of  transportation  of  beam. 


General/coamon/total  beam  layout  is  represented  in  Fig.  1.  Beam 
allocation  along  channels  1-3  is  accoapl ished/realized  with  the  aid 
of  the  kickers  Ifl  which  cotapose  together  with  magnets  the 
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achromatic  system  of  rotation  on  90°.  Lenses  L,-Lt0  focussed  beam  on 
the  target.  All  three  channels  are  identical.  The 
translation/conversion  of  oeaa  into  channel  4  is 

accomplished/realized  witn  the  aid  of  the  achromatic  system  of  almost 
parallel  translation.  This  channel  is  comprised  of  the  magnets, 
different  from  magnets  s ,,  a2,  out  they  all  are  selected  so  that  they 
are  characterized  by  crly  angles  of  rotation  (windings  of  all  magnets 
are  standardized) .  Straight/direct  channel  5  is  comprised  of  the 
magnetic  lenses  and  the  corrective  magnets.  Magnetic  lenses,  besides 
the  exit  lenses  L,,  L10,  and  lenses  L3,  L4,  which  use  for  the 
correction  of  beam  shape  in  ciiunnel  4,  are  established/installed  by 
quartets,  forming  the  so-callaa  “single  elements/cells".  This 
structure  of  straight/dixect  channel  because  of  a  small  angular 
divergence  provides  clcie  initial  entrance  conditions  of  each  of  the 
channels. 
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collimators  and  instruments  or  observation  of  beaa.  The  parameters  of 
the  kicker  <*>,  R  were  selected  from  the  conditions  of  the  minimum 
input  power,  independence  or  the  work  of  channels  5  and  minimal  sizes 
of  beam.  The  basic  parameters  of  the  magnets  of  the  system  of  the 
transportation  of  beaa  are  given  in  the  table. 

Note,  h  -  width  of  wording  path/track;  6  -  pole  gap,  R  -  radius 
of  central  trajectory;  *  -  angular  solution/opening  of  the  field  of 
magnet  taking  into  account  the  stray  field. 

Pha  gradients  of  lenses  in  the  quartets  were  determined  from  the 
condition  of  dual  focusing  in  the  middle  quartet  in  the 
approximation/approach  or  thin  lenses  and  then  they  were  more 
precisely  formulated  with  the  aid  of  the  nomogram?-,  described  in  [2], 
Lenses  have  an  aperture  11  cm,  a  length  of  pole  .'0  cm  and  gradients 
-100  of  Oe/cm.  In  view  cf  the  ssallness  of  gradients  are  utilized  the 
lenses  with  the  rectangular  aperture  (of  type  of  Panov  [3],  The  same 
lenses  upon  other  start  cf  windings  are  utilize!  as  the  corrective 
magnets.  Envelope  of  particles  and  matrix  elements  in  channels  1-5 
are  given  in  Fig.  2a,  t  ana  3. 

For  guaranteeing  the  stability  of  the  position  of  beam  on  the 
targets  with  the  permissible  roct-mean-square  shift  by  jhx|  <1  cm  the 
supply  of  the  kicker  must  ce  staoiliz9d  with  precision/accuracy 
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Fig.  2.  Envelope  of  particles  l»l,  lyl  and  aatrix  elements  a-^  an 
Su  for  horizontal  and  vertical  motions  in  channels:  a  -  channels 
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1-3.  Initial  conditions:  i  -h.Scm,  y  -±i,ScM,  — —  =  +  10%  ;  b 

Initial  conditions:  cc0-ti,scH,  y0-ti,ocM  — -=tio/0; 

x'0-n.io-3,  4'0-ti-to-3  0 


-  channel  4 


Kav:  Ml.  Collimators 
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Fiq.  3.  Envelope  of  particles  1*1,  and  matrix  elements  alK  and  f 
the  horizontal  and  vertical  motion  in  channel  5  for  the  initial 
conditions  x0  =  *-1.Q  cm,  yo=+-U0  cm,  x'  0  =  +-0 . 5*  1 0~*  ,  y  •  0=  *- 0 . 5*  10"  3 
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155.  Channel  design  of  the  transportation  of  the  beam,  formed  by 
magnets  S  by  axial  symmetry. 

F.  A.  Vodop'yanov,  A.  A.  Kaiiuin. 

(Radio  engineering  institute  of  the  AS  USSR). 

In  a  large  number  of  problems,  which  appear  during  the 
construction  of  the  superconducting  magnetic  systems  of  charged 
particle  accelerators,  the  prociaa  of  ponderoaotive  forces  and  the 
problem  of  the  precisicn/accuracy  of  shaping  cf  magnetic  field  with 
the  prescribed/assigned  configuration  relate  to  the  most  complicated 
ones.  The  problem  of  forces  appears  in  the  large/coarse 
superconducting  electrcaagnets  -  rotary  magnets  and  focusing  lenses 
cf  contemporary  accelerators  and  magnetic  pipes  of  the  transportation 
of  the  accelerated  particles.  In  the  dipoles  with  the  magnetic 
intensity  H  the  linear  force  density  of  the  pushing  apart  of  windings 
is  of  the  order 

F  ~  5  •  10“ 7  aH5  ~  , 

where  a  -  width  of  the  working  zone  of  field.  With  H=60  kOe,  a=10  cm 
value  F  composes  -20  t/c*.  The  tnickness  of  the  confining  banding 


/ 
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must  be  -10  cm. 

For  screening  and  retention  of  windings  it  was  proposed  [ 1 ]  to 
conclude  them  into  the  iron  cylindrical  screen  with  a  thickness  -15 
of  cm.  In  this  case  for  tne  screening  -1  a  cf  aagnet  it  is  necessary 
to  -2  t  of  iron,  so  that  for  tne  accelerator  with  a  length  of  1500  a 
(Serpukhov  accelerator  tc  the  energy  70  GeV)  the  consumption  of  steel 
is  3000  t. 

During  the  location  of  screen  in  helium  Dewar  for  his  cooling 
down  to  temperature  cf  4.2°K  is  reyuired  to  consume  0.5  1/kg  of 
liquid  helium  or  -1000  1  on  1  a  of  the  length  of  aagnet.  The  location 
cf  screen  out  of  the  cryostat  creates  the  serious  problem  of  the 
transmission  through  its  wails  cf  large  attracting  forces. 

The  problem  of  the  precision/accuracy  of  shaping  of  magnetic 
field  is  especially  sericus  in  the  accelerators  with  the  stationary 
field  and  alternating  gradient-  Here  for  guaranteeing 
prescribed/assigned  field  distribution  with  the  turns,  which  form 
protuberances  and  projections  of  the  field  of  spiral  form,  it  is 
necessary  to  place  superconductors  with  the  precision/accuracy  10  pm- 
The  task  of  guaranteeing  this  pracision/accuracy  of'the  position  of 
superconductors  is  ccm plica  cad  with  cooling  of  coils  down  to  the 
temperature  of  liquid  helium. 
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The  problems  indicated  can  cntain  simpler  resolution  with  the 
execution  of  magnetic  systems  and  channels  from  a  large  number  of 
electromagnets  with  the  axiai  symmetry  -  in  the  fora  of  Helmholtz's 
coils . 

Page  214. 

In  Fig.  1  are  illustrated  examples  of  execution  with  such  coils  of 
rectilinear  magnetic  b  ea  s-transpcrt  corridor,  spiral  channel  for  the 
accelerator  of  the  type  COK  and  cne  multi-spiral  channel  for  the 
accelerator  of  the  type  cx  circular  F-tl  cyclotron. 

The  high  precision/ accuracy  of  shaping  of  field  with  its 
prescribed/assigned  distribution  is  provided  in  these  systems  due  to 
a  precise  location  of  elementary  coils  in  the  previously  located 
places;  the  scatter  of  the  sxzes/dimensions  of  coils  can  be  lowered 
to  the  minimum  during  the  usa/applacation  of  a  machine  method  of 
production.  The  problem  cf  rorcss  here  becomes  simpler,  because,  in 
the  first  place,  pondecc aot-ive  forces  become  apparent  as  interruption 
strengths  of  the  winding  of  separate  elementary  coils,  the  not 
exceeding  strengths  to  the  interruption/discontinuity  of 
superconductors  with  the  voltage  of  field  to  100  kOe,  in  the  second 


place,  the  forces  of  interaction  netveen  the  elementary  coils  are 
easily  raaintained/withstcod  uy  tne  plates/slabs,  on  which  are 
installed  these  coils. 

During  the  design  of  different  magnetic  systems  from  many 
elementary  coils  with  the  axial  symmetry  of  magnetic  field  appears 
the  task  of  determining  tne  law  cf  their  three-dimensional/space 
location,  and  also  relationship/ratio  of  the  current  of  their  supply. 
This  task  did  not  thus  far  yet  obtain  full/total/complete  resolution 
and  for  its  solution  is  necessary  conducting  the  series/row  of 
intermediate  calculations. 

In  the  present  wor*  is  given  the  result  cf  calculating  the 
equivalent  field  of  elementary  ccii.  The  dependence  of  the  vertical 
component  of  the  strength  of  tne  field  of  a  coil  of  Helmholtz's  type 
in  the  median  plane  is  shown  in  general  fora  in  Pig.  2.  It  is 
identical  for  the  vertical  sections  of  coil  with  respect  to  all 
azimuths.  The  presence  cf  negative  sections  in  the  curve,  that 
stretch  theoretically  to  infinity,  requires  during  the  calculation  of 
particle  motion  in  this  coil  of  the  calculation  of  the  fields  of 
adjacent  coils.  However,  for  the  tentative  calculations  it  is  useful 
to  replace  the  real  coil  of  equivalent,  in  which  the  magnetic  field 
is  constant  along  the  outside  diameter  and  it  is  equal  to  z  rc  in  the 
entire  remaining  region.  For  calculating  the  strength  of  the  field  of 
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Fig.  1.  Examples  of  the  execution  of  rectilinear  magnetic 
beam-transport  corridor  {a) ,  spiral  channel  for  the  accelerator  of 
the  type  COK  (b)  and  the  multi-spiral  channel  for  the  accelerator  of 
the  type  of  circular  F-B  cyclotron  (c) . 


/  If  21  31  ifl  Ru  cu 

Fig.  3.  Dependence  of  equivalent  to  intensity/strength  coil  on 
thickness  and  height  of  coil/tfinding . 


Key:  (1)  kOe. 
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Fig.  3  depicts  the  calculated  on  tne  computers  "Mir'’  family  of 
curves,  which  express  dependence  Hg  on  the  thickness  of  winding  for 
the  case  of  particle  mccion  aiong  the  diameter  in  the  median  plane  of 
coil.  The  parameter  is  the  neignt  of  coil/winding.  Calculation  is 
produced  in  connection  wich  the  sizes/di aensicns  of  the 
superconducting  electromagnet,  planned  in  the  radio  engineering 
institute  of  the  AS  USSR  i'2],  at  the  current  density  5000  A/cm* 
(inside  radius  of  electromagnet  34  cm). 

In  the  case  of  using  the  magnets  with  the  axial  symmetry  in  the 
magnetic  systems  of  accelerators  it  is  necessary  to  perform  the 
calculation  of  repeated  particle  motion  along  the  closed  orbits. 
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156.  Conditions  for  existenca  of  beam  during  the  resonance 
conclusion/output. 

Zh.  £ot,  A.  Xhilar,  P.  Strolin. 

(C2HN)  . 

1.  Introduction. 

For  holding  of  induced  radioactivity  at  the  tolerance  level  in 
the  proton  synchrotrcns  ct  next  jeneraticn  to  the  high  energies  must 
be  provided  the  very  hig b  effectivenesses  of  conclusicn/output. 

Besides  the  ainimizaticn  of  tne  iosses  of  particles  in  the  output 
unit,  it  is  necessary  tc  snow,  xs  retained  in  the  accelerator  the  ( 

part  of  the  beam  after  the  and  of  the  process  of  conclusion/output 
and  as  is  great  this  part.  The  preserved  beaa^  whose  loss  is  not 
admitted,  can  be  brought  out  later  with  the  use,  for  exaaple,  of  a 
system  of  rapid  conclusj.cn/output. 

In  the  present  vorfc  are  represented  analytical  and  digital 
calculations,  relating  tc  possibilities  and  degrees  of  the 
retention/preser vaticn/aaintaining  beam  during  the  conclusion/output 
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on  the  full/total/complete  resonance  and  in  the  presence  of  the 
resonance  of  the  third  order.  Numerical  examples  relate  to  the 
investigations  of  the  project  of  proton  synchrotron  CERN  for  the 
energy  300  GeV. 

2.  Conclusion/output  cn  ra.  onance  of  third  order. 

During  the  ccnclusica/output  on  the  resonance  of  the  third  order 
accomplish/realize  a  reauction  in  area  of  phase  plane  the  stability 
for  each  monochromatic  lino  of  beam  so  that  finally  this  area  when 
intersects  resonance  valua  »,  it  becomes  equal  to  accurately  zero.  At 
the  moment  of  intersection  all  particles  of  beam  are  unstable. 
However,  the  theory  shews  whereas  that  immediately  after  this  the 
stable  region  is  begun  to  increase,  moreover  with  the  same  rate,  with 
which  it  at  first  decreased.  Thus,  especially  in  the  case  of  rapid 
discharge/break,  the  si$nif leant  part  of  the  beam  is  seized  and  again 
it  falls  into  the  stability  region. 

During  a  precise  estimation  of  the  emittance  of  the  seized  beam 
in  the  principle  it  is  necessary  to  consider  changes  in  the 
configuration  of  the  phase  plane,  which  occur,  when  particles  fall 
outside  separatrix.  Instead  of  this  will  be  here  used  the  following 
simple  criterion.  Particle  will  be  seized,  if  for  the 
elongation/e xteat  of  three  revolutions  after  transition  through  the 
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resonance  of  the  amplitude  or  its  oscillations  c  it  does  not  increase 
over  the  limits  of  stability  region.  The  jump  of  amplitude  r  in  three 


revolutions  on  curved  sepatatnx  (Fig.  1)  compose/;  hr,  expressed  as 


A*  “XKsa2> 


(l) 


where  K8  -  standardized/ normalized  sextupole  force  of 
disturbance/perturbation  [  1 J.  For  the  same  speed  the  limit  A  of 


stable  region  is  displaced  in  me  same  direction  on  [  1  ] 

(Aai)1  do 

d8  ’ 


I —  (4-JV 

"V  3  — Z 


(2) 


where  6  -  azimuthal  angle  in  the  circumference  of  accelerator. 


According  to  the  prescrioea/assigned  above  criterion,  particle  P 
is  seized,  if  Aa*  At<a  .  in  this  case  for  the  area  cf  phase  stability 
region  (capture)  is  obtained  the  expression; 
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Fig.  1.  To  the  detar mindtioa  or  the  jump  of  the  anplitude  of  particle 
during  the  resonance  conclusion/ output. 
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the  captured  particles  are  arranged/located  only  within  the  shaded 
triangle  on  Fig.  1,  we  cctaia 

.ih.  _  {6) 

Mi0 

.laschlce  and  Simcn  j.2]  jive  tne  formula  whose  derivation  is 
unknown  to  the  authors  cr  article,  for  st/ sv-  This  formula  coincides 
with  (5),  with  exception  or  tn«  tact  that  instead  of  coefficient 
in  the  numerator  in  it  is  a  coefficient  of  'ft  in  the  denominator. 

In  order  to  check  the  validity  of  the  given  above  formulas,  was 
written  program  for  the  computer,  in  which  for  the  elongation/extent 
of  the  process  of  conclusion/output  were  outlined  oooo 
monoenergetic  particles,  were  undertaken  the  parameters  of  proton 
synchrotron  CERN  with  the  energy  300  GeY  [3],  The  initial  value  of 
emittanca  SL-o,7  of  mrad  am,  corresponds  to  beams  50  GeV;  s  -  shift 
is  assigned  by  the  guadrupole  lenses,  which  excite  resonance  process. 
With  the  standard  work  is  expected  the  conclusion  of  the 
monochromatic  line  of  beam  in  2000  revolutions,  i.e.,  in  50  ms. 

Taking  into  account  energy  dissipation  in  the  beam,  the  corresponding 
total  time  of  conclusicn/output  is  500  ms. 

^jfable  gives  the  results  of  numerical  and  analytical 
calculations,  obtained  fer  three  different  times  of  discharge/break. 
The  analytical  formulas,  in  particular  led  in  this  work  are  in  the 
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satisfactory  agreement  with  tne  numerical  results,  in  spite  of  their 
approximate  conclusicn/cutput. 

Preservable  part  of  beam  in  the  case  of  cutout  on  third  order 
resonance  from  the  300  GeV  CERN  synchrotron  (%  of  initial  ceam) 

3.  Conclusion/output  in  tn©  presence  of  full/total/complete 
resonance. 

It  is  usually  assumed  that  ror  the  conclusion/output  in  the 
presence  of  the  f ull/tctal/complete  resonance  the  stability  region  in 
the  phase  plane  exists  excxusively  for  positive  (or  negative,  for 
this  specific  casa)  changes  an  tne  iapulse/mcmentum/pulse  with 
respect  to  the  equilibrium  oroic.  In  ether  words,  the  axis/axle  of 
impulses/raomenta/pulses  is  tne  seal-infinite  "instability  line",  on 
which  all  particles  are  unstanie-  In  such  a  situation  also  it  is 
possible  to  expect  the  retention/preservation/maintaining  the  part  of 
the  beam  in  orbit.  Shown  below  tnat  with  an  increase  in  the  energy  of 
synchrotron  assumption  indicated  above  becomes  ineffective.  For 
example,  instability  line  during  the  conclusicn/output  from  the 
proton  synchrotron  CEB  N  witn  the  energy  of  300  GeV  becomes  comparable 
in  tha  width  with  the  scatter  of  impulses/monenta/pulses  in  the  beam. 

This  in  work  [4]  theoretical  analysis,  used  to  the  model  of 
Hereward  [5],  by  one  quadrupcle  and  one  sextupole  to  the  lenses, 
arranged/located  it  is  diametrically  opposite  on  the  ring,  it  shows 
that  the  stability  region  in  the  pnase  plane  is  proportional  to  value 
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A-A^Aa— 2KLKs^[(|-h) 
f  K^n-^ji  (1-h)5 


COS 


Ho 


(7) 


and  what  the  necessary  ccnai.tj.on  for  existence  stability  region  is 
A>0. 

FOOTNOTE  1 .  The  authors  do  not  consider  a  small  normal  member, 
proportional  to  the  shift  of  the  undisturbed  equilibrium  orbit  in  the 
sextupole  lens.  END FOOT NOTE. 

In  given  above  equation  ^o^Ho/*31-  quiescent  value  kl  and  ks  -  the 
standardized/normalized  focusing  forces  of  quadrupole  and  sextuple; 

standardized/normaiizeu  suirt  of  the  undisturbed  equilibrium 
orbit  in  the  quadrupcle  lens  and  h«(cosp0+-^r  stn  p0)  -  half-spur  of  the 
matrix/dia  of  the  transfer  in  one  revolution  in  the  accelerator, 
agitated  only  by  the  quadrupcle  iens  (h=1,  if  quadrupole  it  adjusts 
slightly  value  v  accurately  to  the  near  integer). 

We  select  reference  orbit,  such,  that  for  the  particles, 
oscillating  relatively  it,  h=1.  We  determine 


cu 


drc, 


P  clp/p  ~  av  dp/p  ’ 

Takinq  into  account  the  dependence  of  forces  of  lenses  and  retaining 
in  the  momentum  error  dp/p  from  the  reference  crbit  only  the  member  of 
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lowest  order,  we  will  obtain 

Ai“~8ap  [-^];  (9) 

=(p0a^+ St"H0)2^^  T--^]  ,  <9a) 

where  all  coefficients  they  are  calculated  in  reference  orbit. 

In  the  previous  uses/appncations  was  considered  only  the  term 
At  (antisymmetric  on  Ap /p  ).  Tnis  led  to  unique  final  solution  (Ap/p-o) 
of  the  equation  of  the  limits  or  instability  line  (A=0)  and, 
therefore,  to  the  semi-infinite  instability  line. 
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Key:  (1).  Time  of  beam  extraction  (aonoaner  getic  particle).  (2). 
Numerical  computations.  (3).  Analytical  calculations.  (4).  Haschke 
and  Simon.  (5)  .  This  wcrx.  16)  as.  (7)  revolutions. 
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If  we  examine  also  tern  a2  (symmetrical  on  Apl p  ).  is  obtained  the 
final  width  of  instability  line 


_Ap_ 
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(  10) 


In  practical  case  to  integer  ♦~1/4>>1  and  oc^-i,  then,  replacing 
the  bulk  factor  of  orbits  ap  in  the  quadrupole  by  average  value 
<CLp>ft  Rfa*  and  introducing  the  average  value  of  the  amplitude  of 
betatron  oscillations  <p><*R/$o,  where  R  -  radius  of  accelerator,  we 
obtain 


Ap 


>Ta  RS<P> 


For  those  obtained  above  expressions  is  characteristic  strong  inverse 

$ 

dependence  on  value  g,  from  the  size  of  accelerator.  5 

i 

■  i 

In  the  case  of  the  acting  trcton  synchrotron  CERN,  accepting  \ 

\ 

-2  > 

VQ  =  *>,25,  ct^  2,23  a  and  ks=0.CC6d  an-1  ,  we  obtain  laP/plHevg5- 10  1 

During  the  comparison  witn  the  scatter  of  iapulses/momenta/pulses  in  ; 

the  beam  this  width  cf  instability  line  can  be  considered  infinite.  t 


In  the  case  of  the  projected/ designed  proton  synchrotron  CERN  to 
the  energy  300  GeV,  assu sing/setting  \>0*27,75,  ap  =  o,262  m  and 

Ka-  0,003  mm"1  (3,  €  ],  we  outain  from  (10a)  I&p/p  'Heycm1,4'10”4' 

Curve  A  in  Fig.  2  was  obtained  on  the  basis  of  the  numerical 
calculations  of  the  dyr.aiics  cf  the  particles,  carried  out  as  a 
result  of  applying  the  program  cf  computers,  described  in  [1],  to  the 
system  of  the  conclusicn/output  cf  accelerator  on  300  GeV.  The  width 
of  instability  line  is  forecast  according  to  formula  (10a)  correctly. 
Curve  A i  is  obtained  by  tne  method  of  changing  the  scale  of  curve  A 
with  the  coefficient  A j/ A  -  [l+(Ap/p)(Ap|p)  ]!  a2  not  only  is  determined 

the  finiteness  of  the  width  of  instability  line,  but  also  it  changes 
the  dependence  of  stability  region  on  the  particle  momentum.  The 
width  of  instability  line  in  this  case  has  the  same  order  of 
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1  magnitude,  as  the  shift  cf  lapuisa/momentum/pulse,  necessary  for  the 

i 

i 

,  conciusion/output  of  monochromatic  beam  (— 10-4)  or  the  scatter  of 


im pulses/momenta/pulses  in  beam  (~~3x10~4). 


J  Numerical  computations  were  carried  out,  just  as  during  the 

1  conclusion/output  on  the  resonance  of  the  third  order,  for  the  case 

i 

of  proton  synchrotron  CZBN  co  cne  energy  300  GeV.  Calculations  show 
that  if  we  discharge/break  control  by  means  of  the  creation  of  the 
heterogeneity  of  the  closed  orbit,  a 

|  retention/preser vation/maintainin j  beam  must  not  have  the  place  even 

for  such  short  durations  of  discharge/break  as  60  ps  (3  revolutions). 


4 


;  I 
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During  the  conclusion/output  on  the  resonance  of  the  third  order 
the  part  of  the  beam  is  retained  in  the  synchrotron.  The  value  of 
this  part  can  be  sufficiently  accurately  rated/estimated 
analytically.  Conclusicn/output  on  the  full/total/complete  resonance 
makes  it  possible  to  avoid  cne  r etention/preservation/maintaining 
beam,  even  with  the  very  short  times  of  beam  extraction.  Thereby  is 
confirmed  the  advantage  cf  f uil/total/complete  resonance  from  the 
point  of  view  of  use  for  the  oeaa  extraction. 
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fig  2.  Dependence  of  the  area  of  stability  region  on  the  particle 
momentum  for  the  proton  synchrotron  CEHM  on  the  energy  300  GeV. 


Key:  (1).  Normalized  area  cf  the  stability  region,  mm*. 
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157.  Project  of  slow  ccnclusion/output  from  the  proton  synchrotron 
ITEF. 

L.  Z.  Barabash,  Yu.  G.  Glovemco,  L.  L.  Gol'din,  I.  F.  Kleopov,  D.  G. 
Koshkarev,  V.  V.  Hiller,  L.  I.  Scxolov. 

(Institute  of  theoretical  and  experimental  physics) . 

V.  Ye.  Kornakov,  B.  S.  flingalev,  N.  A.  Monoszcn,  Yu.  P.  Sivkciv,  F.  M. 
Spevakova,  A.  fl.  Stolov. 

(Scientific  research  institute  of  the  electrophysical  equipment  io. 

D.  V.  V/Efremov) . 

A  slow  conclusion  from  tae  proton  synchrotron  ITEF  can  be 
carried  out  with  the  aid  of  resonance  3QX=  28  cr  resonance  *Qv=  37.  A 
deficiency/lack  in  the  second  of  tnen  is  the  rapid  decrease  of  the 
width  of  the  resonance  in  the  region  of  small  amplitudes,  in 
connection  with  which  sucstantialiy  decreases  the  effectiveness  of 
conclusion/output.  The  only  reason,  which  can  be  given  against  the 
use  of  resonance  of  the  3rd  order,  consists  in  the  fact  that  the 
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magnetic  structure  of  the  reconstructed  proton  synchrotron  ITEF 
contains  8  superperiods.  Therefore  between  the  identical 
gaps/ intervals  of  adjacent  superperiods  are  placed  3.5  oscillations 
of  28  harmonics  of  disturbance/pecturbation.  This  it  forces  for  the 
possibility  of  the  selection  of  the  optimum  phase  of  quadratic 
disturbance/pert urbaticn  to  utilize  other  free  gaps/intervals  of  the 
superperiod  where  the  mcdulus/acauie  of  the  function  of  f loq uet  is 
considerably  lass. 

The  system  of  ccnclusion/o utput  in  question  consists  of  three 
sextupole  lenses  and  motionless  septum-  magnet  (Fig.  1).  Since  the 
septum  is  moved  into  the  aperture  of  cha mber /camera ,  at  the  beginning 
of  the  cycle  is  created  local  orbit  perturbation  with  field  weakening 
in  three  blocks/modules/ units  of  electromagnet.  Shift  to  the 
resonance  is  accoaplished/realized  by  a  gradual  change  of  the 
gradient  in  the  corrective  guadxupole  lenses. 

During  tha  calculation  of  the  resonant  step-up  of  oscillations 
were  considered  tha  peculiarities  associated  with  the  discontinuous 
distribution  of  quadratic  field  distortion.  As  is  known  [for  1,  2], 
in  this  case  are  possible  ootn  tie  build-up/growth  the  amplitudes  on 
some  azimuths,  more  rapid  tnan  on  the  azimuth  of  the  location  of 
septum  and  the  appearance  of  the  supplementary  quasi-stable  points  on 
the  phase  plane,  about  which  an  increment  in  the  amplitude  of 
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oscillations  is  very  small. 

Examination  is  conveniently  produced  in  the  smooth 
approximation/approach  cn  pnase  plane  -jy-.T  (Fig.  2)  ,  where 
C  a  0,235m  \ 

We  will  consider  first  tnat  tne  disturbance/pertur bation  is 
created  with  the  aid  of  one  than  sextupcle  lens.  We  will  examine 
particles,  in  which  the  frequencies  satisfy  a  precise  resonance 
condition  Q=n+-1/3.  If  we  arrange  septum-magnet  in  the  place  of 
maximum  divergence,  then  lens  will  be  located  from  septum-magnet  on 
angle 


With  the  n  flight/span  through  the  thin  sextupole  lens  the 
particle  obtains  an  increase  an  the  angle 


At 


n.i 


a  t. 


(1) 


1  32r 

where  In  revolutions  the  particle  three  times  will 


traverse  the  lens,  moreover  each  subsequent  passage  will  be  cut  of 
phase  of  relatively  of  praceding/previous  on  2ir/3. 


If  Aa<a  (  a-  the  amplitude  of  oscillations,  Ao  -  its 
increase)  ,  then  increases  .in  amplitude  and  phase  of  oscillations  ar< 
equal  to  respectively 

Aan*i  ATn+1  .  Z'  2*r  \ 

M_unvvT”>  2 
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Ihus  (see  Fig.  2)  a  resonance  increase  in  the  amplitude  in  three 
revolutions  will  be 


...  Aa'  .  Ai.'  .  (lx  \  Az'  ... 

h-Ma--g-si.n^+-s-$ui^T+9,j-g-,  (4) 

and  an  increase  in  the  phase  will  be  close  to  zero. 


Since  an  increase  in  cne  phase  in  each  lens  increases 
approxiaately/exemplarily  as  r^  (see  (1)  and  (3)),  then  for  the 
sufficiently  large  amplitudes  it  it  can  exceed  ir/S,  and  then  particle 
can  hit  the  mode/conditicns  of  the  amplitude  reduction  with  the 

A  0m  i 

following  passages  of  lens.  Tms  is  possible,  if  — >  0,5.  Therefore 

Ug  w 

the  maximum  value  of  the  sxep/pitch  of  driving  near  the  septum  must 
be  several  times  of  less  than  the  amplitude  of  the  oscillations 
before  the  septum  (distance  from  the  orbit  to  the  septum)  . 


Pig.  1.  Ring  layout  with  the  iaaumg-out  elements/cells  c.  m.  - 
septum-magnet;  predicted  places  o£  the  arrangeaent/position  c  £ 

nonlinear  lenses. 

,  JK 

^  Of  course  strengtn  of  resonance  must  provide  driving  with 
this  step/pitch.  In  cur  case  condition  4a<a  is  satisfied  by  the 
correct  selection  of  the  initial  parameters  of  the  systea  of  the 
conclusion/output  h=1.6  cm,  a- 2.  2  ca,  a  number  of  lenses  2.  The 
absence  of  sufficient  quantity  of  long  free  gaps/intervals  in  our 
case  does  not  make  it  cossiole  tc  realize  precisely  this  version. 
Nevertheless,  since  examination  in  the  saooth  appcoximation/approach 
showed  that  the  resonance  step/pitch  weakly  depends  on  the  phase,  it 
is  possible  to  make  a  dual  septu*-  magnet  (Pig.  J)  .  First  septum  - 
electrostatic  with  a  widtn  gap  of  a=4  am  and  thickness  of  knife  -0.1 


>  ; 
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mm  and  conjoined  with  it  along  the  azimuth  of  the  second 
septuia-magnetic  with  a  width  gap  25  mta  and  thicknesses  of  knife  of 
At=3  mm.  The  angle  of  deflection  of  the  first  septum  must  be  such  so 
that  the  combined  action  of  saxtupole  lenses  and  this  septum  would 
give  divergence  -A*ht.  The  first  septum  in  this  case  works  as  the 
supplementary  strongly  nonlinear  Ians  which  is  switched  on  beginning 
f:rcm  some  amplitudes  (in  our  case  when  r>2 .2  cm). 

The  trajectory  calculation,  produced  for  the  slow 
concl usion/output  with  the  use  of  a  dual  septum-  magnet,  it  showed 
fundamental  possibility  of  the  realization  of  this  version.  With 
r>2 .2  cm  was  switched  cn  the  first  septum,  giving  Ar'= 1. 3« 10-3  rad. 
Fig.  4  gives  dependence  cf  r  on  c*  in  septum-magnet,  beginning  with 
r=1.5  cm  up  to  the  inciaence/iapingement  into  the  clearance  of  the 
second  septum-  magnet.  The  parametars  of  the  first  electrostatic 
septum:  the  value  of  working  clearance  -  4  mm,  thickness  of  knife 
-0.1  am,  fields  in  the  clearance  60  k7/cm  the  length  of  plate  is  20 
cm,  the  required  stability  of  field  +- 1  kV/cm. 

One  of  the  most  complicated  technical  tasks,  which  appear  during 
the  development  of  slow  conclusaon/output  with  a  comparatively  large 
duration  (order  0.5  s)  -  shaping  or  the  flat/plane  part  of  the 
impulse/momentum/pulse  cf  magnetic  field.  Requirements  for  the 
permissible  value  of  the  amplitude  of  the  pulsations  of  magnetic 


Fig.  2.  On  the  calculation  of  a  resonance  increase  in  the  aaplitud 


Fig.  3.  Saction  of  aperture  of  combined  septus-  magnet. 


Fig.  4.  Fora  of  the  function  r(r')  in  se ptua-aagnet. 

Fig.  5.  System  block  diagram  of  filtration:  1  -  converters  of 
power-supply  system;  2  -  filter  choke;  3  -  buffer  capacitor  banks;  4 
-  device/equipment  of  changeover  of  filter;  5  -  attenuating 
resistances;  6  -  filter  capacitors;  7  -  resistance  of  filter;  8  - 
series  transformers  of  active  filter;  9  -  low-frequency  amplifier. 


Key:  ( 1)  .  Load. 
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The  task  of  the  realization  of  filters  with  the  filtration  factor  on 
the  order  of  500-1000,  that  ensure  the  fulfillment  of  allowances, 
becomes  complicated  by  the  aeea  of  obtaining  the  frequency 
characteristics  of  the  filtering  devices/equipnent,  which  satisfy  the 
conditions  of  limiting  the  transit  time,  and  also  values  of  the 
ejections  of  voltages  and  currents  of  magnet  winding  during  the 
transient  processes,  caused  oy  the  pulse  character  of  the  work  of 
power-supply  system.  The  work  experience  of  power-supply  systems  with 
the  valve  converters  shewed  the  practical  impossibility  of  guarantee 
in  the  curve  of  the  rectiried  vcltage  only  of  harmonic  components 
with  the  frequency,  equal  and  tc  multiple  conversion  frequency.  The 
harmonics  of  low  frequencies  (25,  50  Hz  and  multiple  by  them) ,  as  a 
rule,  compose  significant  part  in  the  general/common/total  spectrum 
of  the  harmonics  of  the  voltage  cf  converter.  This  fact  substantially 
complicates  filtration  system.  Apparently,  is  most  expedient  the 
realization  of  the  systes  of  the  depression  of  pulsations  by  the 
method  of  the  combination  of  the  passive  aperiodic  filter  whose 
characteristics  for  obtaining  the  satisfactory  transient  process  are 
reconstructed  in  the  process  of  exciting  the  electromagnet,  and  the 
active  filter,  intended  aainly  ter  the  depression  of  the 
low-frequency  part  of  tne  spectrum  of  harmonics. 
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The  system  block  diagram  or  filtration  is  given  in  Fig.  5. 
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158.  Method  of  increasing  the  effectiveness  of  conclusion/output  and 
improvement  in  the  energy  ncmcyeneity  of  ion  beam,  concluded  from  the 
cyclotron. 


i 

\ 


L.  N.  Katsaurov,  Ye.  M.  Koroz,  L.  P.  Nechaeva. 

A 

(Physical  institute  in.  E.  N.  Lebedev  of  the  AS  USSR)  . 

The  problem  of  an  improvement  in  the  effectiveness  of  the  beam 
extraction  of  the  accelerated  ions  is  very  important  for  the 
cyclotron.  With  the  ap prcxiaation/approach  of  the  effectiveness  of 
conclusion/output  to  lOOo/o  disappears  the  difficulty,  connected  with 
the  radioactivity  of  tfce  walls  cf  vacuum  chamber  and  dees,  induced  by 
the  accelerated  ions,  scattered  to  the  walls  during  the  beam 
extraction  from  the  cyclotron.  Scattering  ions  occurs  during  their 
incidence/impingement  to  splitter.  Heating  splitter  by  the  falling  to 
it  ions  is  also  the  important  reason,  which  establishes/installs  the 
limit  of  cyclotron  current.  For  eliminating  this  reason  it  is 
possible  to  change  the  construct  ion/design  of  deflector.  (Let  us  note 
that  the  proposed  modernization  can  prove  to  be  effective, 
apparently,  only  for  such  cyclotrons  in  whrch  the  energy  scatter  of 
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ions  in  each  cluster  is  noticeanly  less  than  the  energy  gain  of  ions 
in  cne  revolution).  Longitudinal  gash  full  length  of  the  knifa  of 
electrostatic  deflector  uij.  axle*  beam  freely  to  pass  inside  the 
deflactor.  Analogously  in  the  case  of  applying  the  electromagnetic 
deflector  longitudinal  gasn  in  the  septum  will  allow  ion  beam  with 
the  unwinding  along  the  spiral  trajectory  freely  to  pass  inside  the 
deflector.  (As  it  will  a*  clear  from  the  following  presentation,  iron 
electromagnetic  deflector  in  the  cyclotron  with  the  proposed 
modernization  it  is  expedient  to  replace  with  iron  free  pulse). 

The  discussed  modernization  of  cyclotron  is  not  limited  one  gash 
alone  of  knife  or  septum  of  deflector.  It  is  easy  to  see  that  the 
presence  of  gash  by  itself  does  not  solve  posed  problem.  Is 
eliminated  only  heating  knife,  but  not  the  dispersion  of  ion  beam, 
which  will  be  conducted  by  the  scattered  deflection  field  in  the 
small  region  of  knife  cr  septum.  The  size/dimension  of  the  region  of 
stray  field  is  approximate! y/axeaplarily  equal  to  the  height  of  slot 
in  the  knife  or  the  septum. .It  is  necessary  to  increase  several  times 
the  radial  distance  between  the  adjacent  clusters  of  ions  in  the 
cyclotron,  so  that  when  the  concluded  cluster  is  located  in  the 
deflection  field  of  deflector,  the  nearest  to  it  cluster  of  ions 
would  be  even  b-?yond  the  limits  of  the  stray  field  of  deflector. 
Satisfaction  of  this  condition  makes  it  possible  to  solve  another 
problem,  not  less  important  tnan  the  guarantee  of  lOO-o/o 
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effectiveness  of  conclusion/output.  Discussion  deals  with  an  increase 
in  the  energy  homogeneity  of  the  concluded  ion  beam. 


At  present  in  the  serias/ccw  of  the  acting  cyclotrons  the  large 
energy  scatter  of  ions  is  caused  by  the  poor  separation  of  clusters. 
The  radial  size/dimension  of  the  cluster  of  ions  is  compared  with  the 
distance  between  the  adjacent  clusters  on  the  latter/last  turns  of 
spiral  trajectory.  Therefore  into  the  output  unit  together  with  the 
concluded  cluster  falls  the  part  of  the  ions  from  the  following  after 
it  cluster,  which  did  net  yet  pass  the  complete  cycle  of 
acceleration.  Energy  of  the  ions,  which  prematurely  fall  into  the 
deflector,  by  several  hundred  kiicelectron volts  lower  than  nominal 
energy  of  the  concluded  beam.  This  undesirable  phenomenon  is  removed 
with  an  increase  in  the  distance  between  the  clusters,  and  the  energy 
scatter  of  ions  in  the  concluded  beam  can  be  reduced  to  the  value  of 
the  energy  scatter  of  iens  in  one  cluster. 

If  in  the  cyclotron  is  utilized  external  injection,  then  an 
increase  by  several  times  of  the  radial  distances  between  the 
clusters  is  provided  with  tne  pulse  modulation  of  the  density  ( 
bunching)  of  the  injected  beam,  produced  with  the  frequency  Q,  into 
the  integer  of  times  of  tne  smaller  frequency  u  of  accelerating 
voltage. 
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z\  -Jpon  the  internal  mjaczion  it  is  possible  to 
intercept/detach  the  series/row  of  clusters  and  to  pass  necessary 
clusters  by  pulse  electrostatic  or  electromagnetic  inflector  and  slit 
diaphragms,  established/instalied  on  the  initial  turns  of  trajectory 
in  the  central  region  ct  cyclotron. 

The  enumerated  changes,  as  can  easily  be  seen,  do  not  provide 
the  solution  of  all  stated  pronleas.  It  remains  to  still  remove  the 
harmful  effect  of  the  stray  fiela  of  deflector  directly  to  the 
concluded  cluster  with  its  ipproximation/approach  to  a  deflector.  For 
this  purpose  it  is  necessary  to  use  the  pulse  supply  of  deflector 
with  the  frequency  Q,  tc  the  equal  frequency  cf  bunches,  and  with  the 
duration  of  each  pulse  it  is  less  than  the  period  of  revolution  of 
ions  into  cyclotron.  Pulses  of  the  supply  of  deflector,  which 
accomplish/realize  a  beam  extraction  of  the  cyclotron,  they  are 
synchronized  with  the  impulses/ a cmanta/pulses,  which  pass  the 
clusters  through  the  in  t  lector  in  the  central  region  of  cyclotron  (or 
with  the  impulses/aomenta/pulses  of  injection) ,  and,  therefore,  and 
with  accelerating  voltage,  so  that  the  deflection  field  of  deflector 
would  be  absent  when  cluster,  completing  several  latter/last 
revolutions,  is  passed  thrcugn  tnt»  dangerous  region,  situated  before 
the  deflector.  The  deflecting  pulse  field  appears  for  the  time  of  the 
latter/last  revolution  of  the  concluded  cluster  and  it  reaches  the 
prescribed/assigned  value  up  co  the  moment/torque  of  the  passage  of 
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the  cluster  through  the  deflector. 

At  first  glance  it  can  seem  taat  the  modernization  in  question 
will  lead  to  a  reduction  in  cue  average/mean  intensity  of  cyclotron 
beam,  since  from  the  beam  is  cut  out  the  series/row  of  clusters. 
However,  reductions  in  the  intensity  will  net  occur.  In  the  game 
enter  the  more  powerf ul/thicxer  factors:  the  elimination  of  the 
limits  of  intensity,  caused  by  heating  knife  or  septum  of  deflector 
and  by  induced  radioactivity  of  walls,  as  a  result  of  which  it  is 
possible  to  increase  a  quantity  cf  ions,  accelerated  in  each  cluster. 


The  Coulomb  stability  limit  of  betatron  oscillations  lies/rests 
sufficiently  far,  anc  the  longitudinal  Coulomb  effect,  which  leads  to 
an  increase  of  the  energy  scatter  of  ions  in  each  cluster,  is 
connected  only  with  the  net  charge  of  the  ionic  sector  of  disk,  which 
turns  into  the  cyclotron,  and  greatly  weakly  it  depends  on  number  of 
the  clusters,  which  coff^cse  this  sector  [1]. 


Each  of  three  changes  (gash  in  splitter,  modulation  of  density 
upon  the  injection  and  replacement  of  constant  stress  of  deflector  by 
pulse  ones)  examined  does  not  solve  the  problems,  stated  in  this 
report.  Only  the  realization  of  all  three  changes  gives  the  required 
positive  effect. 
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Tha  modernization  examintd  does  not  affect  the  bases  of  the 
construction/design  of  cyclotron  and  can  be  realized  on  any  acting 
cyclotron . 
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159.  Acceptancs  phase  range  of  the  alternating-gradient  doublet, 
carried  out  on  the  quadrupoie  lenses  with  different  apertures. 

Ye.  aegenshtreyf . 

(France)  . 

1.  Introduction,  adopted  designations  and  assumptions. 

Alternating-gradient  aouolet  is  in  corpuscular  optics  basic 
element/cell  during  compiling  of  the  lines  of  the  transportation  of 
beam,  accelerators,  matching  devices  and  large  number  of  other 
devices/equipment.  Therefore  better  understanding  of  its  properties 
is  expedient  not  only  frca  a  theoretical  point  of  view,  but  also 
taking  into  account  the  practical  uses/applications. 

The  purpose  of  this  work  is  obtaining  simple  formulas  for  the 
properties  of  the  transmission  of  the  beam  of  the 

alternating-gradient  doublet;  acceptance  phase  range,  for  the  case, 
when  the  lengths  of  the  quadrupoie  lenses,  which  fora  doublet,  and 
also  their  gradients  and  apertures  are  different.  After  developing 
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general  theory,  it  is  easy  co  give  quantitative  response/answer  to 
the  question:  "which  mcst  ds  a  radius  of  the  second  quadrupola  lens, 
so  that  entire  the  f  cur-dimensional  phase  space,  seized  by  the  first 
quadrupole  lens,  would  ne  passea  also  through  the  second  lens"? 

Let  s  t ,  s2  -  respectively  length  I  compose  their  quadrupole 
lenses,  Gx  and  G2  -  corresponding  gradients,  2Rt  and  2a2  - 
corresponding  apertures,  and  L  -  effective  distance  between  the 
lenses. 


As  the  assumptions  is  accepted  V  y ,  02< y,  and  examination  is 
limited  to  linear  theory,  and  therefore  by  un-ouplad  motions.  It  is 
further  assumed  that  vacuum  chamber  has  square  section,  beam  is 
monochromatic,  and  also  is  not  considered  possible 
decomposition/decay  in  flignt.  Finally,  energy  of  beam  is  assumed 
sufficiently  high  so  that  it  would  be' possible  to  disregard/neglect 
the  effects  of  space  charge.  Are  not  done  any  assumptions,  which 
concern  density  distribution  of  particles  in  the  beam,  us  interests 
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only  the  overall  trappiug  i  Wy't  of  doublet,  determined  by  its 
geometry  and  magnetic  cnaracterrstics. 

2.  Acceptance  phase  range  witn  focusing- defocusing  in  X-  plane. 

Tha  possible  forms  of  the  phase  contour/outline:  let  Et  - 
over-all  aperture  ratio,  superimposed  by  the  entrance  of  the  first 
guadrupole  lens;  It  -  over-ali  aperture  ratio,  superimposed  by  the 
internal  part  of  th8  f5rst  guadrupole  lens;  St  -  over-all  aperture 
ratio,  superimposed  by  tha  output  of  the  first  guadrupole  lens;  E2  - 
over-all  aperture  ratio,  superimposed  by  the  entrance  of  the  second 
guadrupole  lens,  and  S2  -  over-all  aperture  ratio,  superimposed  by 
the  output  of  the  second  guadrupole  lens. 

Tha  possible  forms  cf  tne  contour/outline  of  acceptance  are 
giver,  below; 


£,1, s, s2 

Ei I, E2  S 

E,I1  Sj 

E1  E2  S2 

E1 1 1  S2 

E,  I, S2 

'1  ^2 

If  E  2  S2 

E  S 

r  o 

E1  S2 

I  S 

T  r* 

X1°2 

Ii  S2 

C.  2  S  2 

The  left  column  where  is  ansant  E2,  corresponds  to  the  cases 
when  \.*e  aperture  of  the  first  lens  is  less  than  the  aperture  of  the 
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second  lens,  i.e.,  R^R,,  whereas  the  second  column,  ia  which  is 
absent  S t ,  corresponds  cc  tne  cases,  with  the  inverse 
relationship/ratio,  i.e.,  B^Rj.  Wnen  Ri=R2  there  are  only  three 
possibilities,  namely  llS2  and  SjS2,  general/common/total  for 

both  columns.  With  PM  =  R2  are  possible  ten  different  cases  of  the  fora 
cf  phase  contour /outline . 

Partial  aatrices/dies  and  important  values  of  ratio  Rz/8i.  Let 
us  define  the  "matrix/die  of  entrance'*,  examining  the  first  lens  with 
its  drift  space  as 
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"exit  matrix/die",  examining  the  second  lens  with  preceding  it  drift 
space  as 
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and  the  matrix/die  of  entire  doublet: 
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There  are  nine  important  values  of  parameter  R2/Ri,  which  can  be 
utilized  for  determining  cue  separatrices  between  ten  times  the 
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Key:  (1)  condition  on.  (2)  tas  type  of  phase  contour/outlin9. 

Page  223. 

Areas  of  acceptance.  In  ord8r  simply  to  write  the  formulas, 
which  give  the  area  of  acceptance,  let  us  determine  first  three 
angles  <*,  p  and  a?: 
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A  cos  ot  +  k«  B  3 tn  ct  =*  —  ; 

1  Ri 

A  cos  p  +  k,  3  sin  fi  =  -  ~ ; 

"i 

„  R2 
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e  e  R, 

After  designating  new  tarouga  A  the  area  of  acceptance,  we  get 
for  ten  cases,  contours/cutlines  of  different  types: 
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Key:  (1)  for. 


Examined  below  one  of  the  possible  uses/applixations  of  theory 
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Which  must  be  a  radius  of  tna  second  quadrupole  lens,  so  that 
the  phase  space  in  X-  plane,  seized  by  the  first  quadrupole  lens, 
would  be  passed  also  by  the  second  lens? 

Of  the  given  above  formulas  oy  very  simple  form  follows  the 
condition: 

3.  Acceptance  phase  ranee  with  f ocusing-defocusing  in  Y-  plane. 

For  the  recording  of  the  corresponding  relationships/ratios  in 
Y-  plane  it  is  sufficient  simple  exchange  of  indices  1  and  2  and 
observance  of  the  elementary  rules  of  the  execution  of 
operations/processes.  One  should,  however,  consider  that  the  form  of 
the  seized  area  at  the  entrance  of  doublet  is  completely  different  in 
two  planes. 
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160.  Parabolic  lenses  for  tne  focusing  of  secondary  particles  with 
the  energy  V  of  several  GeV. 

T.  A.  Vsevolozhskaya,  l.  L.  Danilov,  V.  N.  Karasyuk,  G.  I. 
Silvestro v. 

(Institute  of  nuclear  fnysics  or  the  Siberian  Department  of  the  AS 
USSR)  . 


For  obtaining  the  intense  beams  of  secondary  high  energy 
particles,  which  are  bcrn,  as  a  rule,  in  the  large  solid  angle,  are 
required  electron-optical  systems  with  the  large  aperture  ratio  and 
the  sufficiently  small  fecal  iecgtn.  Relatively  small  particle 
scattering  of  high-energy  with  the  passage  of  substance  makes  it 
possible  to  utilize  for  taeir  focusing  the  magnetic  field  of  forward 
current,  which  possesses  axial  sywaetry  and  maximum  focusing  force. 
An  example  of  such  optical  systems  are  parabolic  magnetic  lenses  to 
120  kOe,  developed  in  .Ya P  Siberian  Branch  AN  in  1963  [1]  and  used 
for  the  collection  of  positrons  with  the  energy  125  HeV  in  solid 
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angle  of  -0.04  stsrad  (linear  angle  0-0.1  of  rad).  The  idea  cf 
parabolic  lens  lies  in  the  fact  that  for  achievement  of  linear 
focusing  in  the  field  fcra  H=  ^  the  particla  must  pass  along  the 
axis/axle  of  current  pata,  proportional  x2  i.e.  the  region  of  field 
it  must  be  limited  by  paranoloids  of  revolution  with  generatrices 
z  -  ax2,  the  focus  distance  of  lens  exists  F=B/2a,  where  B=pc/eH0R0, 

Hq  -  field  at  a  distance  of  R0. 

Since  the  field  of  Ians  cannot  virtually  exceed  the  values  of 
200-250  kQe,  for  the  particles  with  the  energy  in  several  GeV  the 
necessary  focal  length  are  ontained  due  to  an  increase  in  the 
constant  of  the  parabola  or  "a" ,  which  for  the  angles  of  collection 
0-0. 1-0.2  rad  indicates  the  large  length  of  trajectory  in  the  field, 
compared  with  the  focal  iengtn.  This  requires  attentive  examination 
of  the  optical  properties  of  lens  and  construction  of  its  surfaces  of 
the  optical  properties  of  lens  and  its  construction  of  surfaces  in 
accordance  with  the  exact  solution  of  the  equations  of  motion  of 
particles  in  field  N-i/x.  in  this  case  the  lens  with  the  parabolic 
surfaces  detects  considerable  spherical  abberation  at  the  angles, 
which  do  not  correspond  to  the  condition  of  thin  lens  Ba*/2<<1  (Fig. 

1  A)  . 


In  case  of  point  source  spherical  abberation  are  removed 


completely,  if  the  generatrices  of  the  surfaces  of  lens  are  connected 
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with  the  rela tionshi ps/ratios 

8(:~COS«0) 

t.K)1’ V0^ 


u 

ir'  8  (cosot'cos«0) 

cosae  da. 


where  (a,(«0li)  and  -  parametric  equation  of  the  generatrices  of 

surfaces,  input  (1)  and  exit  (2)  ;  u0  -  flight  path  angle  of  particle 
to  Z-axis  at  the  entrance  into  tha  lens. 

The  fora  of  exit  surface  can  oe  prescribed/assigned  arbitrarily. 
However,  in  this  case  the  input  coordinate  of  particle  in  general 
nonlinearly  depends  cn  acgie  *0,  which  indicates  the  dependence  of 
the  focal  length  of  lens  F  frcin  a0,  although  the  position  of  the 
principal  focus  is  prsscriDed/assigned  independent  of  a0. 

With  the  beam  focusing  tne  different  from  zero  transverse  phase 
volume  (from  the  ncnpcint  source)  this  nonlinearity  leads  to  the 
distortions  of  the  emittance  or  beam,  nonremovable  with  the  aid  of 
the  subsequent  linear  fccusing  as,  for  example,  in  the  case  of  lens 
with  the  parabolic  input  surface  (Fig.  2a) . 

Lens  is  linear,  if  its  input  surface  is  assigned  by  the 


equations 
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ai  (ao)  3  F  stn  otce  ; 

f  -8(i-cosa0)  \ 

21  =■  F  ^cosa0  9  -1 j  , 

so  that  exit  coordinate  defends  oa  a0  as  aa{oto)’Fsi-no£-o-  In  this  case 
there  is  a  large  region  or  angles  and  coordinates,  in  which  the 
erriittance  of  beaa  is  transferred  virtually  without  the  distortions 
(Fig.  2b)  . 


An  interesting  exasple  of  the  lens  in  question  is  lens  with  the 
flat/plane  exit  surface,  z2(  ao)a0.  The  coordinates  of  input  surface 
are  connected  in  it  with  the  relationshi p/r atio 

oto 

In  8{cos«-cosar„) 

e  cosada-o, 

o 

besides  obvious  fro®  the  geometric  considerations  relationship/ratio 
*9«o  -  V 
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Fig.  1.  Spherical  of  atceracicn  of  parabolic  lens  with  the  defective 
profile/airfoil  with  8=30,  ?=6o  cm,  a=0.25  (a)  and  the  chromatic 
aberration  of  lenses  with  the  different  profiles/airfoils  (b) :  1  - 
half  lens;  3=12,  F=60,  a=0.  1;  2  -  linear  lens  B=12;  3  -  parabolic 
lens  (with  the  corrected  profile/airf oil)  B=12;  4  -  linear  lens  B=30 
F=60,  a  =  0.25;  5  -  paratclic  lens  B=30. 

Page  225. 

System  of  two  such  lenses,  connected  by  planes,  serves  for  the  beam 
focusing  from  the  point  into  the  point.  The  surfaces  of  each  "half 
lenses"  are  constructed  in  accordance  with  their  focal  lengths  of  ft 
and  f2  and  fields  Ht  and  Hz. 

With  the  equality  fields  in  eaca  naif  it  is  possible  to  combine  them 
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after  removing  the  dividing  surface  of  2=0. 


With  the  particle  focusing  from  nonpoint  source  it  is  in  general 
necessary  to  consider  *  -  particle  speed  in  contrast  to  point  source 
where  the  motion  occurs  in  plane  (x,i).  However,  there  is  practical 
interest  in  source  in  tne  fort  of  the  thin  cylinder  whose  axis/axle 
coincides  with  Z-axis  -  this  case  it  can  occur  with  the  focusing  of 
secondary  particles,  if  the  primary  beam,  which  possesses,  as  a  rule, 
a  small  phase  volume,  was  rocuseu  optimally.  In  this  case  *  -  the 
rate  can  be  considered  eguai  to  0  for  all  particles. 

The  figures  Fig.  2  refer  exactly  to  this  source  and  show  the 
conversion  of  the  emittance  of  the  beam,  which  has  rectangular 
initial  (in  the  first  focal  plane)  emittance,  on  the  passage  lenses 
(in  the  second  focal  plane) .  Along  the  axis  of  abscissas  is  plotted 
the  coordinate  of  particle  referred  to  the  focal  length,  along  the 
axis  of  ordinates  -  the  transverse  impulse,  in  reference  to  the 
full/total/coaplate  particle  momentum.  In  this  form  the  gi.ven  results 
are  valid  for  any  values  of  rocal  length  at  one  and  the  same  value  B. 
The  calculations  of  trajectories  we’-e  conducted  on  the  computers  with 
precision/accuracy  -10"*6. 

Chromatic  aberration  of  lens,  i.e.,  angular  scatter  at  its 
output  depending  on  the  scatter  of  impulses/moaenta/pulses ,  can  be 
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expressed  by  relationsbi p/ratic  A  « }  where  £  *  i  at  the  angles, 
which  correspond  to  the  approxiaation/approach  of  thin  lens,  and  th9n 
decreases  with  the  increase  aQ.  Dependence  £(<*„)  differs  somewhat  for 
different  types  of  ltsnsas  and  different  values  B  (Fig.  1b). 

At  present  in  lYaF  is  conducted  the  development  of  two  types  of 
parabolic  lenses.  The  first  lens  will  be  used  in  the  unit  of  the 
target  of  a  proton-antiprotonnoyo  accumulator/storac  ,  VAPP-4  for  the 
collection  frc  the  target  of  antiprotons  with  the 
impulse/raoraentum/pulse  1.3  GaV  and  the  angles  of  generation  +  -0.  15 
rad  [2],  It  is  linear  lens  in  focal  length  less  than  20  cm  and  by 
maximum  field  on  the  neck  (pom*  of  connection  of  current  shells) 

Hmar  200  *•  '-50  kOe .  Fig.  3  gives  the  section  of  lens  with  the  set  of 
tires,  the  housing  of  lens  is  maae  Ur  ■.  natural  titanium;  wall 
thickness  on  the  input  surface  which  the  particles  pass  at  minimum 
angle,  it  reaches  on  an  cutsiae  radius  of  0,5  mm  and  it  increases  in 
the  neck  so  that  in  the  field  cn  inside  radius  Hmax=  200  koe  maximum 
mechanical  stresses  in  eac.n  section  are  0*  3500  kg/cm*.  The  path  of 
particle  in  the  walls  cf  lens  is  b-8  am.  The  construction/design  of 
sat  of  tires  is  trade  by  such,  that  with  attachment  of  both  contact 
surfaces  uC  lens  appears  no  axial  of  loads  of  its  housing.  The 
coaxial  sat  of  tires  of  lens  naif way  converts/transfers  into  two  wide 
ilat/piane  busbars/tires  for  the  supply  of  current.  Two  halves  sets 
of  tires,  which  are  located  unde;  the  different  potentials,  are 


isolated/insulated  by  tee  glass  cloth,  saturated  with  epoxy  resin 
under  the  pressure  30  au.,  to  the  voltage  to  15  kV.  Lens  has  an 
inductance  30  cut  and  it  will  ne  supplied  by  sinusoidal  current  pulse 
with  the  duration  on  the  basis/fcase  3-5  ps  and  by  amplitude  cf 
500-700  kA.  Lens  is  fed  by  current  from  the  oscillator,  which  is 
high-voltage  storage  capaoity/capacitance  and  system  of  vacuum 
dischargers/gaps,  through  the  aatening  current  transformer  with  the 
transformation  ratio  4  and  a  small  scattering  (led  to  load  Lp«2  .  cm)  , 
designed  for  the  voltage  in  tae  primary  circuit  to  *—50  kV. 


The  second  type  of  lens  is  developed/processed  for  the 
use/application  in  the  focusing  system  of  neutrino  circuit  IFVE  [3]. 
From  six  such  lenses  it  is  proposed  to  assemble  the  objective  which 
must  accomplish/r  .lize  an  acnrcaatic  focusing  of  mesons  in  the  large 
momentum  range.  Since  in  this  system  of  lens  they  do  not  have  the 
specific  focal  length,  they  all  have  parabolic  surfaces.  Fig.  4  gives 
the  section/cut  of  mock-up  of  one  cf  the  lenses  with  the  set  of 


tires 


Fig.  2.  Geometric  of  aberrations  of  lenses  with  the  different 
profiles/airfoils*,  in  tne  first  focal  plane  source  has  rectangular 
emittance  with  the  sizea/diaensicns  of  1.3-+— 1  cm,  2.4-+-0.5  cm;  a 
by  tna  maximum  angles  cf  entrance  ®oma*“0*27  rad  in  all  cases:  a) 
parabolic  lens  (1.2  -  E=12;  3. 4  -  £-30;  b)  linear  lens  1.  2  -  3=12; 
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Fig.  3.  Linear  lens  for  tne  collection  of  antiprotons  1  -  the  housing 
cf  lens,  2  -  set  of  tires;  3  -  insulation/isolation;  4  -  clamp 
contact;  5  -  flat/plane  current  input. 


Page  226. 


Lens  has  maximum  radius  Rm„x  16  cm  an(i  length  2z=32  cm.  Set  of 
tires  is  also  carried  out  in  tne  fora  of  the  coaxial,  which  converts 
into  two  flat/plana  current-conducting  busbars,,  One  side  of  the 
housing  of  lens  is  rigidly  atcracted/tig htened  to  the  set  of  tires  by 
clamping  ring,  the  second  side  nas  claap  attachment  for  eliminating 
the  axial  loads  with  the  a  t  tacu  .cent ,  Inductance  of  system  40 

cm.  Lens  is  supplied  from  the  low-induction  current  transformer  by 
se  mis  in  us  cid  a  1  current  pulse  by  duration  in  the  basis/base  100  jjs  and 
the  amplitude  to  1000  kA  [4],  Ions  will  be  supplied  by  the  doubled 
current  pulses  of  arbitrary  polarity,  separated  by  the  interval  of 


DOC  =  30  069  3  18 


PAGE  ^HO 


s' 

b 

0.2,#  s  with  the  frequency  of  tue  messages  of  1  times  in  seconds.  The 
first  mock-up  of  the  housing  of  lens  is  prepared  from  the  dural  D-16 
without  the  heat  treatment.  A  radius  of  neck  1,5  cm,  of  wall 

thickness  is  made  such,  that  in  the  direction  in  parallel  to  the 
axis/axle  of  ray/beam  the  particles  pass  to  substance  less  2x0.5  cm. 
This  lens  was  tasted  by  currents  750  kA,  which  corresponds  tc  maximum 
field  Hmax  100  kOe.  At  present  is  de velcped/processed  techrclogy  of 
the  heat  treatment  of  the  uuraiuain  housings  of  lenses,  whicn  will 
substantially  increase  maximum  permissible  mechanical  stresses  in  the 
walls  and  will  make  it  possible  tc  ensure  the  reliable  work  of  lens 
with  the  currents  1000  kA.  Another  method  of  an  increase  in  the 
reliability  of  lens  is  the  production  of  its  housing  from  titanium. 

Is  prepared  and  is  prepared  for  with  tests  the  welded  titanium  lens: 
the  middle  of  lens  in  the  region  cf  neck  is  grooved  from  the  natural 
material,  to  which  are  weiaaa  relied  from  the  sheet  of  cone, 
processed  then  along  necessary  prefile/airfoil.  This  lens  possesses 
substantially  best  mechanical  properties;  however,  complication  in 
its  use  they  can  be  caused  ay  the  increased  thermal  condition, 
connected  with  high  specific  resistance  of  titanium. 
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Fig,  4.  The  parabolic  Ians  of  aautrino  circuit  1  -  the  housing  of 
lens;  2  -  set  of  tires;  3  -  msuiation/isolation;  4  -  clamp  contact 
5  -  flat/plane  current  input. 
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161.  Focusor  for  the  neutrino  experiments  (design  characteristics). 

V.  X.  Voronov,  I.  A.  Danil'chenxo,  R.  A.  Rzaev,  A.  V.  Samoilov. 

(Institute  of  high-energy  pnysics). 

In  the  series  of  prcuiems  of  physics  of  elementary  particles,  in 
particular,  in  the  experiments  with  the  neutrino,  appears  the  need 
for  converting  the  divergent  charged  particle  beam  into  the  parallel 
or  the  close  one  to  it,  moreover  this  formation  it  must  undergo 
maximally  wide  energy  and  angular  ranges,  with  fulfilling  of  these 
requirements  th9  neutrino  flux,  originated  during  the 
decomposition/decays  ir  and  tc-mesons,  will  be  maximum.  Supplementary 
important  requirement  is  the  neeu  for  conducting  the  beam  shaping  of 
particles  on  possibly  the  saorter  casis  so  that  in  the 
fraction/portion  of  the  shaped  ream  would  remain  the  significant  part 
of  flight  path. 

At  the  present  time  for  tha  accomplishment  or  this  objective 
they  were  applied  or  were  examined  "magnetic  horn"  [ 1  ],  "magnetic 
fingers/pins"  [2],  plasma  lens  [JJ  and  "crucible"  with  one-two 
supplementary  reflectors  [4], 


Page  227. 

The  focusing  properties  of  such  systems  and  neutrino  flux  from 
them  it  is  accepted  to  compare  witn  the  spectrum  of  neutrino  from  so 
that  called  "neutrino  parents'  ideally  focused"  beam  (NR) ,  under 
which  we  understand  parallel  and  infinitely  pencil  NR.  If  we  accept 
as  the  initial  parameters  energy  of  the  proton  beam,  which  forms  beam 
NR,  Ep  -=  76  GeV  and  distance  from  the  target  of  generation  NR  to 
detector  the  neutrino  flux  whose  spectrum  is  shown  in  Pig.  1  (curve 
1) .  Under  the  same  conditions  magnetic  hern  with  one  supplementary 
reflector  will  give  neutrino  flux  with  the  spectrum,  shown  in  Fig.  1 
(curve  2)  [5],  From  the  comparison  of  curves  it  is  evident  that  the 
real  focusing  gives  neutrino  flux  into  2-3  smaller  than  ideal 
(without  taking  into  accouut  losses  in  the  walls  of  system). 

All  above  mentioned  systems  axe  pulse  with  the  duration  of  the 
pulse  of  field  of  approximately  2-5  ps.  in  the  systems  of  the  type 
cr uci ble/horn ,  hornf cruciole  ]♦  reflector  and  magnetic  fingers/pins 
the  axisy mmetric  magnetic  field  is  created  by  the  current,  which 
flows  along  the  axisyaaetric  shells;  field  length  is  determined  by 
the  set  of  the  conical  sucfaces,  which  assign  the  profila/airfoil  of 
shell.  In  the  plasma  lens  tnis  field  is  initiated  by  the  high-voltage 
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discharge  in  the  plasma,  whicn  jives  current  with  an 
approximataly/axemplarily  permanent  density  of  j.  In  this  case  the 
deflecting  force  of  plasma  lens  is  approximately/exemplarily 
proportional  to  distance  from  its  axis/axle. 

The  characteristic  feature  of  all  devices/equi pment  of  the 
described  types  is  the  fact  that,  valuo 

r  “^Sbn, /“?*>  (1) 

describing  the  focusing  properties  of  system,  is  either  the  function 
of  particle  momentum  or  by  tae  runction  1  the  angle  of  its  entrance 
into  system  <*8x  and  the  -tapulsa/momentua  («gb)X-  angle  at  which  the 
particle  leaves  the  system) ,  while  for  the  ideal  focusing  is  required 
the  equality  zero  relations  (1)  in  as  possible  more  the  broad  band  of 
the  angles  of  the  entrance  ana  impulses/momenta/pulses. 

Let  us  examine  a  question  anout  the  possibility  of  the  formation 
of  parallel  beam  HR  by  different  combinations  of  current  parabolic 
lenses  (PL)  . 

In  PL  [6]  (Fig.  2)  the  components  of  magnetic  field  in  the 
cylindrical  coordinate  system  p,  z,  *  are  equal  to: 

V°-  Vj. 

and,  since  the  length  ct  tna  lens 


a  =  con  st 


(2) 


i?.'  y  -  I  r 
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in  approximation  of  thin  icnsos  the  deflecting  force  of  the  parabolic 
lens  is  proportional  to  tna  radius  on  which  the  particle  falls  into 
the  lens: 

B *  •  cp  ,  c  =■  const .  (4 ) 

Matrix/die  single  ?L  can  ae  presented  in  the  form 


M 


1 


(5) 


L-*/p  1  j f 

where  x  -  focusing  force  of  the  lens 

!<=■  ael  ;  (6) 

I  -  the  current,  wuich  goes  tnrough  the  lens;  x  -  parameter, 
which  describes  the  pr cf  iie/air  ton  of  lens  and  which  switches  on 
dimension  factors;  p  -  particle  momentum. 


let  the  distance  from  a  target-source  NH  to  PL  be  equal  s=1. 
Then  the  curve  of  dependence  of  F  on  the  particle  momentum  will  be 
IMET  [  -  Institute  of  Metallurgy  im.  A.  A.  Baykov]  the  form 


a. 


F(p}=_^=„2?(p). 


(7) 


It  is  given  for  one  PL  in  Pig.  3  (curve  1)  .  For  the  two-lens 


system  where  each  of  PL  we  nave  derlecting  forces  of  xt  and  x2  and  it 

e 

is  located  at  a  distance  of  one  from  another,  requirement  of  the 


parallelism  of  beam  gives  tne  relationship/ratio 


M22cf"Hx,n,<  +  ^xJA  etx,x2=  0,  (8) 


that  reducing  to  the  equations 


!  i 
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*l+(' 1  £,  V X2=  Pt+P2» 

'  (9) 

p,  p2, 

where  pt  and  p2  -  those  iapulses/aonenta/pulses,  with  which  the  beam 
is  strictly  parallel.  Fora  il22  tp)  is  shown  in  Fig.  3  (curve  2)  for 
case  of  Pi/p2=3. 
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(2)  of  the  neutrino  parents  (is  given 
interacted  proton)  . 


ideal"  (1) 
the  output 


and  rear  focusing 
of  neutrino  to  one 


id 


\ 


Key: 


Pig. 


(1).  GeV. 

0*)  (0  'itr/monSod  r 


Key:  ( 1  A)  .  k A .  (1).  Current  input.  (2).  Working  zone.  (3).  paraboli 
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In  the  three-lens  version  whare  the  forces  are  equal  to  xt,  x2, 

£  g 

x3,  and  distances  with  respect  1,  Xlr  Xz,  requirement  of  parallelism 
gi  ves 

V1"Kv^1  +  ci)aa+(l+Ve>3]+ [ei*i  V 
+(f1+2a)x1X3+t2(l+f1)xaxJ|-  (  10) 

whence  we  have  equations  for  tne  particle  momenta  and  forces  of  the 
lenses: 

fx^u^at+O+e^tj)^-  P«+P2  +  P3, 

<j  e1x1x2+(e1+e2)X|X3+ ejO+e,)®^-  PlPa-t-Pl  p3+p2p3; 

f,e2x,x2x3=.  Plp2p3.  (in 

Form  S22  (P)  for  threa-leus  system  when  Pn»*/PmU?  ^  is  shown  in 

Fig.  3  (curve  3)  . 

Finally,  for  the  four-lens  system  with  the  forces  of  lenses  xt, 

C  £  £ 

x2 ,  x  3,  x*  and  with  distances  or  \,  jLt,  &z,  condition  fl22=0  gives 


the  following  equations: 
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[  VO+e^x^l  re+g2)a:3+(1+ei+ t^t3)x^=  p,+p2+p3  +  p4, 

'  ^(V  zi  x3+  (*r  V  y  xi  v^^i  )e2x2a3+ 

‘  +(i+e1)(g2+e3)x2a;4+(i+e1-<-e2)e3x3x4- 

'  =  P, P2+  Pi  P3+  P.,  p4+  P2Pj  +  PSP4r  °3  P4, 
6162x1x2x3+€1(e2+£3)x1x2x4+g3(6i’i-S2)x1XyX;|+(1i-g1)^C3cCj3^:xy 

i  3PWP,PJV-  ftWPakpA  ,  WjWW  Pi  P2 Pa P4  • 

S. 

Iq  general  for  the  systems,  wnich  consist  of  the  n  lenses 

-Af  n  (p-pL),  (13) 

P  1*1 

where  Pt  -  those  va.  ues  of  me  iapuls8S/aomenta/pulses,  with  which 
the  bean  is  strictly  parallel  (see  Fig.  3,  curve  5)  . 

Thus,  combinations  of  three  or  four  parabolic  lenses,  which  have 
the  deflecting  forces,  determined  ny  the  systems  of  equations  of  type 
(11)  or  (12),  make  it  possible  to  fora  beam  NR,  close  to  the  parallel 
over  a  wide  range  of  impulses/racaenta/pulses  in  the  absence  of  the 
dependence  of  the  character  of  focusing  on  entrance  conditions  into 
the  system:  for  the  comparison  rig.  3  shows  the  appropriate  system 
characteristics  the  "cruciole",  used  in  CSRN  [7]  (see  Fig.  3,  curves 
6  and  7)  . 

Fig.  4  shows  fundamental  optical  diagram  of  one  of  the  versions 
of  two-lens  system  for  case  of  £  9,  Pmcx/Pmtrf  3  and  one  of  the 


versions  of  three-lens  system  for  case  Pmax/Pmin*6' £2=6. 
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The  overall  length  of  tncce-ians  system  with  S=1.2  a  has  a  valu 
of  11  m,  i.a.,  occupies  5.5o/o  of  flight  path  200  m.  For  the 
comparison  let  us  point  cut  tnat.  tne  system,  described  in  work  [8], 
forms /shapes  beam  for  eicngation/extent  60o/o  of  flight  path. 
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accordance  with  the  re lationsni p/ratio 

dl  A 

— -25p-2l6tj).,  (16) 

i.e.  during  the  separation  of  one  lens  on  somewhat  shorter  lenses  the 
absorption  of  particles  changes  it  unessentially  and  depends  only  on 
the  radial  position  of  particle.  Therefore  each  lens  of  the  focusing 
system  of  one  or  the  other  multiplicity  can  be  presented  in  the  form 
of  the  objective,  which  consists  or  the  series/row  of  shorter  lenses. 

It  is  clear,  the  the  systems,  constructed  according  to  the 
described  principle,  can  decide  otner  taslcs  -  to  focus  parallel  beam 
with  the  large  scatter  along  the  impulses/aoaenta/pulses  into  the 
image  of  small  sizes/dimensions,  or  to  transfer  to  the  required  image 
distance  of  the  source  of  tne  particles  (in  this  case  the  necessary 
equations  obtain,  equalizing  to  zero  matrix  coefficient  M1Z). 

The  calculations  outlined  above,  executed  in  approximation  of 
thin  lenses,  were  checked  oy  a  precise  calculation  on  the  computers; 
agreement  in  all  cases  was  not  more  badly  15-20  %. 
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162.  Deflection  system  -4 .  -tr.  of  separator  for  the  proton  synchrotron 
IF  VE. 

V.  M.  Levin,  V.  A.  flerincoi,  7.  l.  Smirnov,  Yu.  A.  Sokolov,  A.  K. 
Orlov. 

(Scientific  research  institute  of  the  electrophysical  equipment  iau 
D.  V.  Efremov)  . 

V.  N.  Alferov,  Jl.  A.  Bulgaxov,  A.  i-i.  Vishnevskaya,  M.  B. 

Vladimirtsov,  V.  I.  Kot/cv,  B.  V.  Erosin,  v.  0.  Bogozinskiy ,  I.  a. 
Yampol1  skiy. 

(Institute  of  high-energy  physics). 

In  the  high-frequeucy  separators  of  the  char gad/ loaded  particles 
as  the  deflectors  are  applied  tae  diaphragm  waveguides,  which  work  in 
the  mode/conditions  cf  the  traveling  hybrid  wave  EH t t  [1-3].  Such 
systems  have  much  in  common  witn  the  accelerating  sections  of 
electronic  linear  accelerators.  However,  the  use  of  the  asymmetric 
wave  EHlt  causes  the  series/row  of  the  supplementary  requirements, 
connected  with  the  need  for  tne  stabilization  of  the  plane  of 
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polarization  and  the  selection  cf  the  operating  modes  with  the 
maximum  electric  fields  for  the  large  durations  of  pulses  (to  10  jjs) 
The  parameters  of  deflectors  were  selected  employing  the  procedure, 
described  in  work  [4],  and  were  given  below. 


^  napaMerpw  (#>  Be/w^HH 

v.^Paeosan  qaCTOTa  fQ,  Mrj  .......  .2797,2 

BuyTpeHHHil  naaMerp  nHa^parM  2a,  mm  .  .48 
5^HHaMeTp  nonocTH  eomoBona,  2b, mm  .  .  119,8 
1(^TomtiHHa  aHaijjparM  t,  mm  ........  8 

( OlKar  stneiiKH  d,  mm . .  28,8 

(jX^ABHr  4>a3bi  Ha  HHeftxy . <n/2 

'^IrpynnoBan  cKopoc-rb  .  -0,0327 

:  ■ivOrHouieHHe  uiyHToeoro  itMnenajica  _ 

K  aoCpoTHocTH  -|-j0w/m  1,2. 103 

"''•Ko3«(K{iHUHeHT  aaryxaHiiH  cx ,  Hn/w  „  0,091 


(2)  Be/w*?HHa  O’lO.iHHa  BortHoooaa  2,m,  ,  ,  ,  . . 4 

.  .2797,2  (M  ^MaKciiMaabHaa  MoirtHocTb  b  HMnynbce  P,  M6m  20 
A  '  t48  ('<j)Hanpfl>KeHHocTb  oTicioHniouiero  no/ia 

:  .  .  119,8  »E0, kb/cm .  74 

t  0  ^/j^MaKCHManbHaa  HanpanteHnocTb  aneKTpii- 

,  .  28,8  aecKoro  no/in  E  mox ,  kb/cm . 240 

<n/2  /i^UnHTenbHocTb  HMny/ibca  t,  MKceK  10 

r\  r\or\~ ?  ' 


Kay:  (1).  Parameters.  (2).  /axue.  (3).  Operating  frequency  f0/  MHz. 
(4).  3ore  of  diaphragms  2a,  am.  (5).  Diameter  of  cavity  of  waveguide, 
2V ,  mm.  (6).  Thickness  cf  diaparagms  t,  am.  (7).  Step/pitch  of  cell 
d,  mm.  (8).  Phase  displacement  to  cell.  (9).  Group  velocity.  (10). 
Ratio  of  shunt  impedance  to  quality,  R/Q,  Q/a.  (11).  Attenuation 
factor  a,  np/m.  (12).  Length  of  waveguide.  (13).  Maximum  power  in 
impulse/aoaen tua/pulse  8,  MW.  (14).  Deflecting  field  strength  E0» 
kV/ca.  (15).  Maxiaun  electric  intensity  kV/cn.  (16).  Duration  of 

pulse  t,  ps. 


Work  examines  the  design  features  of  deflector  and  are  given  the 
results  of  the  measurements  of  the  parameters  of  one-meter 
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experimental  section  at  the  low  and  high  power  levels.  Experimental 
section  is  completely  scldeceu  construction/design  from  the  separate 
cells  and  the  matchers,  prepared  with  the  allowances  +- 5  pm  (2V)  and 
+-10  pm  (remaining  sizes/ii tensions) .  Section  is  equipped  with  jacket 
made  of  the  stainless  steel  for  tae  thermostatic  control.  In  the 
centar  of  section  is  provided  for  the  coupling  element  with  crosstalk 
attenuation  60  d3,  which  maxes  it  possible  to  measure  the  averaged 
phase  of  the  strength  of  field.  To  avoid  the  rotation  of  the  plane  of 
polarization  of  wave  in  tne  loading  disks  are  made  the  slots  (see 
Fig.  1)  . 

Page  230. 

In  this  case  the  dispersive  cnaracterist ic  of  the  wave,  polarized  in 
the  plane  of  the  divergence  of  particles,  virtually  is  not  distorted 
(curve  I)  ,  but  in  the  perpendicular  plane  it  is  displaced  on  40  MHz 
(curve  II) ,  which  corresponds  to  the  decrease  of  phase  change  to  the 
call  on  23.5°  in  the  operating  frequency.  Natural  frequencies  w/2  - 
the  vibration  mode  of  separata  cells  were  measured  by  the  method  of 
wave  resonator  [5].  In  order  to  exclude  the  accumulation  of 
reflections  along  the  lengtn  of  section,  cell  they  are  assembled  by 
way  of  a  steady  change  la  tueir  natural  frequencies.  Matcher  contains 
movable  diaphragm  which  makes  it  possible  to  compensate  for  the 
reflections,  connected  with  the  possible  with  the  damage  of  structure 
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in  the  process  its  rations. 


For  determining  the  parameters  of  section  at  a  small  power  level 
was  developed  the  measuring  unit,  based  on  the  principle  of 
nonrasonant  disturbance/perturbation  [6].  The  basic  results  of 
measurements  are  given  in  Table  1.  Are  there  for  the  comparison  shown 
computed  values  [1]  and  results,  obtained  by  the  method  of  resonance 
disturbance/parturbaticn  to  models  [4,  7].  From  the  comparison  of 
given  data  it  is  evident  that  they  coincide  in  the  limits  of  several 
percentages. 


DOC  =  30069319 


PckGci 


Fig.  1.  Basic  dimensions  and  dispersive  characteristic  of  the 
section:  a)  wave  is  polarized  in  tne  plane  of  divergences  (1)  and  in 
the  plane,  perpendicular  to  the  plane  of  divergence  UH;  b)  the 
location  of  slots  for  the  stabilization  of  the  plane  of  polarization 
c)  place  with  a  maximum  quantity  of  breakdowns  (1)  and  point  of  the 
maximum  value  of  electric  faeid  (2). 


Key:  (1).  MHz 
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Fig.  2.  Fundamental  characteristics  of  the  section:  a)  the 
distribution  of  the  standardizea/nornalized  deflecting 
intensity/strength  along  the  section;  b)  the  distribution  of 
reflection  coefficient  along  the  section;  c)  change  of  the  phase  of 
field  along  the  section;  d)  band  cnar act  eristic  at  the  entrance  of 
section  in  the  presence  cf  cerauic  windows. 

Key:  (1).  kV/cm//«W.  (2).  MHz. 
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table  1. 

(i) 

!apa.\ierpbi 
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The  measurements  of  field  distribution  in  the  section  showed 
that  the  reflection  coefficient  does  not  exceed  0.12  and  phase  change 
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it  differs  from  calculated  not  more  than  on  +-2°  (see  Fig.  2).  It 
must  be  noted  that  the  strength  or  the  field  of  the  incident  wave 
builds  up  to  the  input  and  exit  matchers  by  approximately  5o/o.  In 
this  case  phase  changes  in  the  appropriate  cells  differ  significantly 
from  calculated  ones.  More  detailed  measurements  showed  that, 
apparently,  this  is  connected  with  the  mechanism  of  the  regeneration 
of  wave  TS01  in  the  conductive  waveguide  and  the  matcher  into  the 
hybrid  wave  EHlt  in  the  section.  K3VN  [99sp04  -  VSWR],  measured  from 
entry  side  of  section  at  the  operating  frequency  in  the  presence  of 
separating  ceramic  windows,  does  net  exceed  1.1  (see  Fig.  2).  The 
divergence  of  the  plane  of  polarization  from  the  vertical  was 
determined  by  the  method  of  the  comparison  of  field  distributions 
along  Z-axis  (in  each  section  fields  were  measured  at  several  points 

according  to  the  azimuth)  aad  proved  to  be  <C2°. 

For  testing  the  experimental  section  at  the  high  power  level  it 

was  connected  to  klyst rcnKIU- 1 2,  ensuring  power  20  MW  for  the 

duration  of  pulse  of  10.3  ps  (see  Fig.  3).  The  excitation  of  klystron 
was  accomplished/realized  by  tae  master  oscillator  with  frequency 
stability  hf/f=10Ws  and  by  amplifier  stage  on  the  travelling- wave 
tube.  Power  measurement  was  niaae  by  the  calorimetric  absorbing  load 
(see  [8]).  Breakdowns  in  toe  section  were  recorded  by  FEU, 
established/installed  in  inspection  window,  and  to  the  reflected 
wave.  Por  the  evacuation  of  section  was  utilized  the  aggregate/unit 
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the  ara  300  (two  celite  ana  one  titanium  pumps  NES-300),  tha  ensuring 
vao-iuni  at  the  entrance  into  tne  section  2*10"7  torus,  and  at  the 
output  -6*10~7  torus-  The  composition  of  residual  gas  is  given  in 
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Fig.  3.  Slock  diagram  for  tne  t est  run  at  the  hign  power  level  1  - 
the  modulator  of  klystrcn  (U=300  kV,  P=70  38,  ^u=10  ps)  ;  2  - 

discriminator  and  impulse  snaper  of  rapid  protection;  3  -  master 
oscillator;  4  -  amplifier  on  tne  travelling-wave  tube;  5  -  test 
klystron  KIU-12;  6  -  the  directional  couplers;  7  -  the  emitter 
follower;  8.8*  -  transformers  agreeing,  waveguide;  9  -  calorimetric 
load;  10  -  experimental  section;  11  -  ceramic  separating  windows;  12 
-  vacuum  aggregate/unit  ERA  300;  13  -  aanomotric  lamp  IM-  12;  14  - 
sensor  of  RMO-4  ;  15  -  vacuum  gauge  VI-12;  16  -  meter  of  partial 
pressures  IPDO-1;  17  -  FEU-27;  18  -  window  for  observing  the 
breakdowns;  19  -  automatic  recorder  N320-5;  a,  b,  c,  to  the 
oscillograph. 
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Xey:  (1).  flode/conditicns.  (2).  Total  pressure,  torus.  (3).  Gas 

_A^- 

components,  ~’/c>.  (4).  3etora  introduction/input  of  power.  (5).  V.  6. 
aging/training  to  wam-up  of  section.  (6).  After  warm-up.  (7).  At 
moment  of  breakdown.  (8) .  Relation  of  mode/conditions. 
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In  the  beginning  cf  ay iny/training  it  was  explained  that  the 
breakdowns,  which  appear  at  power  -5  of  rtW,  lead  to  a  sharp  reduction 
in  dielectric  strength  as  a  result  of  disturbance  of  the  surface  of 
structure  with  .the  large  energy  of  breakdown.  For  decreasing  the 
output  energy  was  introduced  protection  (see  Fig.  3) ,  which  lowers 
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the  excitation  0.2  ms  after  tn<=  emergence  of  the  wave  reflected. 
Simultaneously  was  disconnected  voltage  from  the  klystron  and  then 
during  20  s  exponentially  it  aeaved  to  the  previous  level.  In  this 
case  it  was  possible  during  20  hour  to  raise  the  introduced  power  to 
20  MW  with  the  frequency  oi  ore axdowns  -15  hour.  Further 
aging/training  did  not  ieaa  to  an  essential  improvement  in  dielectric 
strength.  The  warm-up  cf  section  to  temperature  of  390°C  made  it 
possible  to  improve  vacuum  despite  the  fact  that  after  warm-up  in  the 
saction  was  short-term  admitted  the  atmosphere.  However,  in  this  case 
a  number  of  breakdowns  decreased  insignificantly.  The  latter  fact 
gives  grounds  to  assume  that  the  effect  of  aging/training  consists 
not  so  much  in  degassing  oc  the  walls  of  section,  as  in  removal 
(burning-out)  of  microhateroganeities. 
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For  the  purpose  of  tue  acceleration  of  aging/training  in  the 
section  transformers  8  and  81  established/installed  aode/conditions 
(<SVN=1.7  that  it  corresponds  to  the  strength  of  field  on  the  edges  of 
diaphragms  Emoaf  33°  kV/ca  instead  of  250  kV/csn  in  KSVN=1.1 
(corresponding  field  distributions  on  the  diaphragms,  measured  by  the 
method  of  nonresonant  disturbance/p9rtur baticn,  are  given  in  Fig.  4). 
After  aging/training  in  this  mode/conditions  during  7  and  4  hour  with 
the  shift  of  the  maximuas  of  intensities/strength  to  the  adjacent 
diaphragms  it  was  possible  to  virtually  exclude  breakdowns  in  the 
nominal  rating.  The  exaa ination/inspecticn  of  surface  condition  of 
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section  after  aging/tr aminj  snowed  that  the  traces  of  breakdowns  are 
on  all  diaphragms  and  tnera  is  no  clear  correlation  between  the  value 
of  the  strength  of  field  and  tne  place  of  breakdown.  For  example,  the 
traces  of  breakdowns  are  discovered  in  the  places  where  the 
intensity/strength  fields  by  above  100  kV/ca  (point  1  with  9-66°, 

Fig.  1c),  and  are  not  discovered  an  points  with  the 
intensities/strength  330  xV/ca  (point  2  with  9=0,  Fig.  1c).  In  this 
case  substances  the  places  or  breakdowns  with  the  low  strength  of 
field  the  quality  of  finish  of  the  surface  of  diaphragms  is 
noticeably  worse.  Thus,  with  a  good  quality  of  finish  of  the  surface 
cf  section  it  is  possible  to  raly  on  the  achievement  of  the  maximum 
intensities/strength  of  fields  330  kV/ca  in  the  aodes/conditions  with 
the  pulse  duration  to  10  ps. 


MhIIcm  0) 


Pig.  4.  The  field  distribution  according  to  the  roundings  of 
diaphragms,  during  the  ncaiinai  rating  -  KSVH=1.1  (A)  and  during  th 
training  raoda/conditions  XS7N=1.7  (b)  1  -  measuring  probe  (sphere 

from  the  teflon  with  a  diametar  of  2.5  an)  ;  2  -  nylon  filament  (  P 
=0. 13  mm)  . 


Key :  ( 1)  .  kv/cm. 
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163.  Method  of  automatic  electromagnetic  separation  into  the  energy 
in  the  resonator  accelerator. 

V.  G.  Bagramov,  G.  R.  Easman,  D.  V.  Iremashvili. 

(Sukhumi  physiotechnicai  instituta) . 

For  conducting  the  number  of  investigations  in  the  field  of 
laser  technology,  radiation  cnamistry ,  studying  the  questions  of 
plasma-beam  interactions,  etc.  v<ere  required  high-current  electron 
beams.  Depending  on  specific  pnysical  problem  can  be  produced 
different  requirements  for  tne  energy  homogeneity,  the  focusing  and 
the  duration  of  front  and  snear/saction  of  the  make  pulse  of  electron 
beam  [  1  ]. 

In  1963  in  the  Sukhumi  pny siotechnical  institute  was  developed 
high-current  electron  accelerator  "EU"  of  the  resonator  type 
(frequency  f=6.5  MHz)  vita  uy  accelerating  voltage  to  1.3  MV  at  the 
eyepiece  of  beam  to  1000  and  also  the  frequency  of  messages  0-5  Hz 
[2]. 
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The  investigations  of  the  currant-response  characteristics  of 
accelerator  showed  that  tne  specific  special  features/peculiarities 
of  the  work  of  plasma  spark  electron  source  lead  to  the  appearance  at 
the  output  of  the  package  of  make  pulses  (5-10  pcs)  in  one  cycle  of 
acceleration,  moreover  the  amplitude  of  make  pulses  unguided  is 
changed  both  in  the  pacxage  ana  iron  one  impulse/momentura/pulse  to 
the  next  [3],  For  expanding  the  experimental  possibilities  of 
accelerator  is  developed  and  place  in  operation  second  channel,  which 
makes  it  possible  to  o train  the  single  stable  make  pulse  of  the 
separated  electrons.  As  the  electron  source  is  utilized  the 
thermionic-emission  gun  wxtn  the  hexaboridelanthanua  cathode, 
designed  for  obtaining  of  electron  beams  with  the  current  500-1000  A. 
Gun  is  developed  by  the  autnors  L  4 ].  For  obtaining  the 
prescribed/assigned  energy  spread  of  alectrons  the  accelerated  beam, 
which  possesses  continuous  anargy  spectrum  (accelerating  voltage  has 
sinusoidal  form),  it  is  necessary  to  subject  to  separation.  The 
analy  ;  <?  *  '  the  existing  methods  of  the  separation  of  electrons  - 
magnetic,  electrodynamic ,  temporar y/time  -  showed  that  in  the 
cavity-type  accelerator  most  promising  is  the  method  of  automatic 
electromagnetic  separation.  The  final  adjustment  of  the  method  of 
separation  was  conducted  on  cha  electron  gun,  which  makes  it  possible 
to  obtain  electron  beams  with  the  current  ~5Q  A. 
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The  method  of  automatic  electromagnet ic  separation  consists  in 
the  use  of  mutually  perpendicular  electrical  and  magnetic  fields, 
which  are  changed  in  the  time  ana  the  space  in  the  coaxial  region  of 
the  cap/filling  of  accelerator  (Fig.  1) .  In  the  middle  part  of  the 
cap/filling  of  accelerator  the  electric  field  has  only  radial,  and 
magnetic  -  only  azimuthal  constituting.  In  the  range  of  change  in 
question  of  the  fields  in  the  time  occurs  according  to  the  sinusoidal 
law,  the  maximum  of  the  aaplituue  of  magnetic  field  advancing  on  90° 
maximum  of  the  amplitude  of  electric  field.  The  electron,  which 
starts  in  zero  phase  (tf~0)  of  accelerating  voltage,  supplies  into  the 
perpendicular  to  its  rate  magnetic  field  of  maximum 
intensity/strength  which  strongly  deflects/diverts  trajectory  from 
the  rectilinear.  The  electron,  which  starts  in  phases  of  (K*<90°, 
falls  into  the  collapsible/dropped  magnetic  field  and  the  increasing 
electrical  and  therefore  is  tested/experienced  smaller  divergence. 
Electron  path,  which  starts  at  *=9Q°,  will  be  almost  rectilinear, 
since  at  this  moment  magnetic  field  is  absent.  With  further  increase 
in  the  phase  of  the  start  of  electron  (90°<*<180°)  the  divergence 
will  occur  in  the  opposite  direction.  Consequently,  in  the  process  of 
acceleration  electron  team  scans  on  the  target.  Mith  a  change  in  the 
distance  of  the  target  occurs  ta a  capture  of  different  sections  of 
scanning  beam  and,  thus,  a  change  in  the  duration  of  make  pulse  and 
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energy  spectrum  of  electrons,  impinge  on  target.  Pig.  2  gives  the 
photograph  of  the  trace  cr  electron  beam  with  current  -30  while  at  a 
distance  of  260  am  from  tne  anode  opening/aperture. 

In  the  structure  cf  field  in  question  the  electron  motion  occurs 
in  plane  xz  (cm  Fig.  1).  Disregarding  space-charge  effect,  let  us 
write  the  equation  of  tne  trajectory  of  relativistic  electron  taking 
into  account  field  ccmjrcnent  in  tae  following  fora: 

(1| 

Pz  -  e  x , 

where  Pa:>  -  components  of  pulse,  a  -  electron  charge. 


Ev  — 


Umsin(ut+9)  (t) 


V" 


sc  R/t-0  — 

UmCOS  (u>t  +  9) 


Key:  (1).  and.  the  components  of  electrical  and  magnetic  field  in  the 


coaxial  part  of  the  cap/ filling  of  the  accelerator:  um-  the 
amplitude  of  accelerating  voltage;  p=33  ohm  -  the  characteristic 
impedance  of  resonator;  %=  0.625  -  radius  of  cap/filling;  R=0.7  a  m- 
radius  of  jacket  of  resonator;  u=2rf;  Po^**107  H/a.  A  change  of  the 
relativistic  mass  of  electron  in  accelerating  gap/interval  is 
determined  by  the  expression 
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where  m0  -  is  ruass  of  tne  rest  of  electron 
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Fig.  2. 


Fig.  1.  Geometry  of  nozzles  of  accelerator. 


Fig.  2.  Photograph  of  electron  team. 
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To  analytically  selva  system  of  equations  (1)  is  impossible. 
However,  in  the  in  practice  utilized  interval  of  phases  (60°<*<120°) 
and  voltages  (U>0.5  MV)  by  a  change  in  the  value  of  strength  of 
electrical  and  magnetic  fields  for  the  electron  transit  time  of 
accelerating  gap  can  be  disregarded/neglected.  In  th8  interval 
indicated  the  system  of  equations  (1)  is  solved  with  a  sufficient  for 
the  practical  targets  approxiaation/approach.  On  the  basis  of  the 
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solutions  of  the  system  of  equations  (1)  and  geometry  of  electron 
bean  for  the  fixed  values  of  the  amplitude  of  accelerating  voltage 
were  constructed  the  graph/diagrams  of  the  dependence  of  the  duration 
of  make  pulse  (or  energy  of  the  electrons,  iapinge  on  target)  from 
the  distance  between  the  anode  opening/a pert ure  of  accelerator  and 
the  target  for  different  diameters  of  cathode  and  target.  Fig.  3 
gives  one  of  the  characteristic  graph/diagrams  of  the  dependence  of 
the  duration  of  make  pulse  not  target  from  the  distance  to  the  anode 
with  accelerating  voltage,  equal  to  0.9  NV,  and  the  diameter  of 
cathode  and  target  16  ira.  points  cn  the  graph/curve  showed  the 
experimental  values  of  the  durations  of  make  pulse.  From  the 
graph/curve  it  follows  that  the  coincidence  between  computed  values 
of  duration  and  experimental  data  of  current  pulse  can  be  considered 
satisfactory  and  lying/bccizontal  at  margins  cf  error  in  measuring 
equipment  +-5o/o. 

It  should  be  noted  taat  the  method  of  automatic  electromagnetic 
separation  is  based  cn  the  use  of  its  own  structure  of  the  field  of 
resonator  and  therefore  it  does  not  require  supplementary  systems  and 
power  supplies. 

Thus,  experimental  results  snowed  that  in  the  resonator 
accelerator  the  method  of  automatic  separation  is  optimum. 
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Pig.  3.  Dependence  of  tne  duration  of  make  pulse  on  the  target  from 

the  distance  to  the  anode. 
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164.  systea  of  control  cf  tne  synchrocyclotron  of  FTI  of  the  AS  USSR. 


R.  P.  Davyaterikov,  A.  V.  hulixov,  V.  V.  Lavrov,  G.  F.  Mikheev. 
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The  system  of  control,  synchronization  and  check  of  the  work  of 
the  high-frequency  accelerating  systea  of  the  synchrocyclotron  of  FTI 
of  tha  AS  USSR  -  SUF  -  fulfills  the  following  basic  functions: 

1.  Are  given  the  intervals  of  manipulation,  controlling  the  work 
of  the  manipulator  of  tne  anode  supply  of  the  basic  oscillator  HF 
accelerating  systea.  With  tne  run  of  job  of  accelerator  as  the  input 
pulses,  which  assign  the  iuterval  of  manipulation,  are  utilized  the 
impulses/aomenta/pulses  cf  the  angle  of  rotation  of  the  rotor  of 
buncherss,  generated  by  paocodicdes.  This  interval  of  manipulation 
seizes  with  certain  supply  entire  operational  frequencies  band  HF 
program  from  30  to  13  KHz.  with  the  aid  of  the  auxiliary  timing 
pulses  the  porosity  anc  the  period  of  manipulation  can  be  changed  in 
the  dependence  on  the  requirements  of  the  mode/conditions  of  work  of 
the  accelerator  [ 1  ]. 
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2.  It  permits  i mp la  mention  or  control  and  synchronization  of 
auxiliary  of  accelerators  oscillator  of  brace  of  duration  of  pulse  of 
ac  ‘leratad  protons,  oscillator  of  discharge/break  of  protons  of 
internal  target,  davices/aguipaant  of  pulsing  of  ionic  source,  etc, 
[2], 

3.  Is  accom olished/raalized  synchronization  of  entire  complex  of 
physical  equipment,  which  requires  joint  operation  with  accelerator. 


i  t 


4.  It  provides  protection  of  HF  system  of  accelerator  from 
breakdowns  and  during  closings/  shortings.  With  the  rare  (single) 
breakdowns  the  device/e  yu^^-uent  or  protection  reaoves/takes  anode 
voltage  from  the  basic  oscillator  to  the  preset  time,  then  smoothly 
it  are  reduced.  In  case  c£  repeated  breakdowns  with  the  low  voltage 
and  vacuum  deterioration  hign  voltage  is  disconnected  entirely. 

SUF  has  a  control  device  of  tne  noise  in  the  bearings  of 
buncharss,  which  produces  the  cutoff/disconnection  of  HF  system  with 
the  increase  of  noise  level  of  bigner  than  the  permissible  limit. 

5.  It  permits  imple mention  of  control  of  work  of  all 
devices/equipment  of  HF  system  of  accelerator. 


\\ 
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For  the  removal  of  inf  ci  manon  about  the  voltages  at  different  points 
of  HF  system  are  arr angeu/xocared  divider-sensors  and  detector 
caps/knobs.  For  the  control,  rne  measurements  and  the  adjustment 
together  with  SUF  is  utilized  urcadband  dual-trace  oscillograph  and 
scaler  with  the  numerical  indication. 


For  executing  the  first  tnree  functions  SUF  develops  a  large 
number  of  standardized  timing  pulses  the  time  of  generation  of  which 
can  be  changed  over  wide  limits,  synchro  pulses  can  have  the 
controllable/controllad/iiispact ud  joining  to  any  instantaneous  value 


cf  the  frequency  of  accelerating  voltage  and  be  shifted/sheared  with 
the  aid  of  the  delay  circuits. 

Functional  possibilities  of  SUF  make  it  possible  to  obtain 
different  modes/conditicns  or  worx  of  the  accelerator:  the 
mode/conditions  of  the  accumulation  of  accelerated  protons  [3],  the 
node  of  successive  operation  to  internal  and  external  targets,  etc. 
With  the  work  in  the  acde/ccnditio ns  of  control  and  adjustment  the 
system  can  work  from  its  o*n  oscillator,  which  imitates  the  input 
pulses  of  photosensitive  devices.  Furthermore,  SUF  has  a  series/row 
of  auxiliary,  which  maxe  it  possiole  in  all  taodes/conditions  to 
realize  recalculation,  passage  anu  distribution  of  the  cycles  of 
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acceleration  over  wide  limits,  and  to  also  accomplish/realize 
external  resolutions  exclusions  :o  any  number  of  cycles  of 
acceleration  or  to  any  time  interval  of  work  of  the  accelerator. 

Block  diagram  and  principle  or  operation  SUP. 


I 

t 

i 


1.  Manipulation  and  isoiation/liber ation  of  basic  modulation 
cycle.  31ock  diagram  of  SUP  is  represented  in  Fig.  1.  Pulses  from  two 
sensors  1,  which  correspond  to  Beginning  and  end/lead  of  the  basic 
sodulation  cycle  of  the  accelerating  frequency  of  synchrocyclotron, 
come  the  entrances  of  twc  cnanneis  " launching/starting"  and 
"cearas/feet".  Preliminarily  snat.ed  in  units  2  impulses/raomen  ta/pulses 
of  both  channels  fall  tc  po werr ul/thick  shapers  3,  which  develop 
pulses  of  synchronization.  These  and  similar  to  them  shapers  are 
constructed  according  to  tne  uniform  diagram  on  th  i  thyristors.  Each 
such  shaper  has  5  outputs  wita  output  resistance  of  75  ohms.  The 
signals  of  all  shapers  are  standardized  and  are  the 
impulses/momenta/pulses  of  negative  polarity  with  the  amplitude  10V 
and  rise  time  1  ps.  One  cf  the  impulses/moaenta/pu.lses  of  shaper  3  in 
the  channel  "launching/starting"  enters  the  gate  4,  through  which 
pass  the  impulses/moaenta/pulsas  only  in  the  presence  of  enabling 
pulse  from  the  channel  "step'1  or  from  the  terminal  'external 
launch in g/st art ingM .  Further  this  signal,  passing  through  scaling 
circuit  5,  delay  unit  6  snaper  7,  enters  the  entrance  of  trigger  8. 


i 
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Analogously  by  fori  the  signal  of  "stop'*,  passing  through  the 
unit  of  summator  24  whose  designation/purpose  will  be  explained 
below,  delay  unit  6  shaper  7,  it  enters  the  second  entrance  of 
trigger  8,  which  develops  square-wave  signal,  which  corresponds  to 
the  duration  of  modulation  cycle. 

Since  all  elements/celis  of  manipulator  14,  who  ensures  the 
manipulation  of  anode  voltage  on  basic  oscillator  15,  are  found  under 
the  high  potential  relative  to  the  earth/ground,  the  control  by 
manipulator  is  achieved  tnrouga  isolation  transformer  13  at  the 
carrier  frequency  of  550  xriz.  The  signal  of  the  carrier  frequency,  is 
developed  by  oscillator  9  and  is  f orraed/shaped  in  the  duration  in  the 
modulator  circuit  10.  Further  this  signal  is  intensified  by  terminal 
amplifier  11  and  through  that  adjusted  X/2  the  cable  enters 
preamplifier  12,  which  is  located  in  high-voltage  manipulator's 
location  14.  After  traversing  isolation  transformer  13,  signal  is 
detected  and  is  controlled  by  manipulator. 

2.  Obtaining  timing  pulses  and  realization  of  different 
operating  modes. 


For  the  control  of  work  of  auxiliary  of  synchrocyclotron  and 
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obtaining  of  the  timing  pulses  of  joining  to  the  instantaneous  value 
of  tha  frequency  of  accelerating  voltage  is  utilized  the  set  of  the 
devices/equipraent  whose  casis  compose  frequency  selectors  [4],  HF 
voltage  from  capacitive  dividar-sansor  17,  located  near  accalerating 
dee  lip  16,  through  the  matchba  cade,  shaper  18  and  fan-out  19 
enters  the  entrances  of  frequency  selectors  20-23.  Each  of  tha 
selectors  develops  the  tiaing  pulse,  cabled  to  any  instantaneous 
value  of  the  frequency  cr  accelerating  voltage.  With  connection  of 
one  of  the  selectors,  for  example  22,  to  sumaator  24  its  timing  pulse 
enters  the  channel  of  "stop"  and  is  produced  the  reaoval/taking  high 
voltage  from  oscillator  15  upon  reaching  of  the  prescribed/assigned 
frequency  of  modulation  cycle.  Remaining  selectors  are  utilized  for 
obtaining  other  modes/conditions  of  work  of  the  accelerator.  Thus, 
for  instance,  with  the  aid  of  selector  21  can  be  organized  the 
mode/conditions  cf  accumulation.  For  this  the  timing  pulses  of 
selector  21  are  established/ installed  for  the  frequency,  which 
corresponds  to  the  selected  radius  of  accumulation,  and  within 
spacing  device/equiuraent  2o,  controlled  by  scaling  circuit  5,  they 
enter  suramator  24  and  fjrt.ier  the  channel  of  "stop", 

accomplishing/realizing  a  cessation  of  the  acceleration  of  protons  on 
the  prescribed/assigne c  radius.  Scaling  circuit  5  makes  it  possible 
to  select  any  relationship/ratrc  of  a  number  of  cycles  of 
accumulation  and  conclusion/output. 
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For  the  control  of  tne  work  of  the  jettison  system  of  protons  on 
internal  target  is  utilized  selector  23.  Synchronizing  pulse  from 
this  selector,  passing  through  the  gate  26,  controlled  also  by  scaler 
5,  enters  the  control  cf  the  oscillator  of  the  discharge/break  of 
protons  of  internal  target. 

The  functional  check  of  diagram  can  be  realized  with  the  aid  of 
control  oscillator  27,  connected  to  the  entrances  of  shapers  3 
instead  of  sensors  1. 

On  the  block  diagram  of  davice/equipaent  pf  SUF  given  above  are 
not  shown  the  units  cf  the  contrci  of  noise  and  measurement  of  the 
revolutions  of  variations,  the  shielding  blocks  of  HF  system  fro®  the 
breakdowns,  the  units  cf  the  Deam  monitoring  of  the  accelerated 
protons. 
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Qlack.  diagram  of  SUP. 


Key:  (1).  Channel  "launchjmg/starting".  (2).  External 
"launching/starting" .  (3).  External  "stop”.  (4).  Channel  of  "stop". 
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165.  Internal  oil  target  for  proton  Synchrotron. 

N.  I.  Nachatyy,  K.  K.  Onosovsjciy. 

(Institute  of  theoretical  and  experimental  physics)  . 

Introduction. 

In  the  proton  synchrotron  cn  7  GeV  the  experiments  are 
accomplished/realized  cn  the  oeaas  of  secondary  particles,  obtained 
on  internal  targets  in  vacuum  cnaaber. 

Depending  on  objectives  of  mission  are  required  the  short  or 
expanded  in  the  time  beams  of  secondary  particles. 

The  ideal  substance  which  gives  the  maximum  output  of  secondary 
particles,  is  hydrogen;  however,  tae  production  of  target  from 
hydrogen  represents  great  tecnnicai  difficulties. 
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As  target  it  is  possible  re  utilize  the  stream  from  diffusion 
cil  of  brand  VM-1,  which  during  taa  intersection  with  the  beam  will 
inter  ict  with  it.  With  the  beam  interact  each  time  the  new  portions 
of  oil;  therefore  such  target  is  mechanically  not  destroyed  with 
beam,  as  this  occurs,  for  example,  with  the  target  from  polyethylene. 


:! 


! 
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mineral  oil  consists  of  saturated  hydrocarbons,  the  percentage 
of  hydrogen  molecules  is  surficiently  great  and,  therefore,  the 
output  of  secondary  particxes  can  oe  let  us  compare  it  with  output  on 
polyethylene.  Furthermore,  mineral  oil  under  the  beam  forms  only  the 
short-lived  isotopes;  therefore  it  is  safe  with  the  work.. 
Arrangement/position  of  cil  target  in  vacuum  chamber  will  lead  to 
vacuum  deterioration  due  to  neatiay  and  radiolysis  of  oil  of  target. 
However,  as  showed  calculation  and  experimental  data,  this 
deterioration  unessentially  ana  work  of  the  accelerator  does  not 
affect. 

Construction/design  of  oil  target. 

Fig.  1  shows  the  general  view  of  target.  The  piston,  to  which  is 
supplied  the  pressure  of  the  compressed  air,  is  created  a  pressure  of 
oil  in  the  cylinder  cf  nozzie  on  the  order  of  270  atm.  "the  nozzle 
entry  is  constantly  overlapped  by  the  locking  needle  which  is  pressed 
by  spring. 


;  a 


in  this  case  beaa. 


Pig.  1u  The  general  view  of  oil  of  target 
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After  the  pressure  relief  of  air  the  oil  pressure  in  front  of 
the  nozzle  will  fall,  and  looting  needle  under  the  action  of  spring 
will  begin  to  close  nozzle,  out  oil  piston  cannot  instantaneously 
leave  back/ago  due  to  inertia  ana  rriction;  therefore  is  possible 
outlet  from  the  nozzle  at  a  smaller  pressure.  This  fact  leads  to  the 
“inflow  of  oil",  on  outlet  is  formed  the  drop  of  oil.  For  the 
liquidation  of  the  phenomenon  indicated  along  the  axis  of  piston  is 
bored  the  opaning/apert ura  wmch  is  connected  with  the  annular  groove 
cn  the  oiston. 


After  extrustion  by  the  piston  of  oil  from  the  cylinder  (piston 
is  located  in  the  upper  position),  the  annular  groove  of  piston  is 
connected  with  the  openings/apectures  in  the  cylinder  and  oil  from 
the  conduit/manifold  through  bail  valve,  oblong  hole  in  the  piston, 
neck  and  openings/apert uras  in  the  cylinder  pours  into  the  reservoir, 
as  result  of  what  the  pressure  in  front  of  the  nozzle  sharply  falls. 
Furthermore,  for  a  rapid  pressure  drop  in  conductor  oil  filter  is 
carried  out  floating. 


For  the  creation  of  pulsa  pressure  is  utilized  the  system  of 
magnetic  valves,  used  cn  oubbie  chambers. 


Translation  of  notion  to  the  vacuum  is  accoraplished/realizea 
through  the  ground/wipeu  szocx/rod  which  continuously  lubricated  by 
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Tha  construction/design  o t  tms  target  makes  it  possible  to 
begin  tha  injection  of  oil  with  given  speed  and  the  drop  of  oil,  ; f 
it  even  appears,  at  the  rates  aoove  100  a/s  nc  longer  is  changed  the 
position  of  jet;  therefore  target  can  be  fixed. 

Works  of  target. 

Since  at  the  rates  auove  100  as  jet  is  stable,  and  changes  from 
one  cycle  to  the  next  are  insignificant,  it  it  is  possible  to  utilize 
as  tha  target  (stability  of  jet  was  studied  by  the  method  of 
photographing  jet  at  the  different  moments  of  time) . 

At  iiigh  rates  occurs  jet  disruption  due  to  the  inequalities  in 
nozzle  and  viscosity  of  oil;  aowever,  this  phenomenon  strongly 
depends  on  the  pressure  cf  the  medium,  in  which  flies  the  jet  of  oil, 
and  it  is  characteristic  for  tne  positive  pressures.  Under  conditions 
of  high  vacuum  this  phenomenon  cecones  apparent  more  rarely. 

In  obtaining  of  the  curves  of  scatter  of  particles  to  the  oil 
target  it  was  not  noticed  the  ncnunif oraity  of  jet  structure; 
obtaining  jet  velocity  mere  tnan  2U0  m/s  we  did  not  succeed  in.  By  us 
was  carried  out  comparative  estimation  of  the  discharge/break  of 
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particles  to  the  different  targets.  Fig.  2  gives  the  oscillogTam  of 
the  discharge/break  of  particles  to  tha  oil  target  with  the  aid  of 
the  three-dimensional/space  snift  of  orbit  by  a  change  of 
distributing  the  aagnetic  field  according  to  the  ring. 

Tha  upper  ray/beani  of  oscillogram  shows  the  output  of  secondary 
particles,  recorded  by  tha  monitor,  arranged/located  opposite  the 
branch  pipe  in  which  is  estabiashed/installed  the  target;  lower  tha 
value  of  primary  proton  team. 

Fig.  3  gives  the  oscillogram  of  the  discharge/break  of 
particles,  obtained  by  th8  same  method,  also,  under  the  sane 
conditions,  from  the  usual  flay  target  (aluminum  foil). 

Deficiencies/lacks  in  target. 

1.  Target  is  not  pcint:  its  image  on  radius  is  0.13  mm,  but  on 
height  it  corresponds  to  size/dimension  of  bean. 

2.  Construction/design  of  cii  target  is  more  complicated  than 
flag  one. 

3.  Developed  cor.stcuction/design  cannot  be  replaced  through 


standard  sluices 


Fig.  2.  Oscillogram  of  discnarge/oreak  of  particles  on  oil  target. 

Fig.  3.  oscillogram  of  aischarge/oreak  of  particles  on  flag  aluminum 
target. 

Conclusion. 

Is  experimentally  shown  tne  possibility  in  principle  of  using 
the  oil  target  on  strong-focusing  accelrator.  Oil  target  Bakes  it 
possible  to  increase  in  the  output  of  secondary  particles  with  the 
same  current  of  primary  beam,  waicn  increases  the  effectiveness  of 
accelerator,  decreases  the  radiation  danger  fer  the  personnel’  and  is 
decreased  background  in  tne  experimental  locations. 
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Discussion. 

G.  V.  Vadalyan.  What  is  on  header  in  your  system?  It  is 
possible  whether  thus  tc  aaxe  a  liquid  hydrogen  jet-edge  target? 

X.  X.  Onosovskiy.  The  receiver  of  oil  is  the  reservoir, 
arranged/located  at  a  distance  or  150  sra  lower  than  orbit  and  which 
has  the  special  device/tguipaent ,  which  prevents  oil  from  the 
sputtering. 

As  far  as  targat  is  concerned  liquid  hydrogen,  then  this  is 
fairly  complicated  task,  with  this  rill  substantially  deteriorate 
vacuum.  During  the  evaporation  cf  oil  from  the  walls  appear  the 
raaction  forces,  which  w.ili  briny  down  jet  direction,  since  to  you 
from  all  sides  it  is  iupcssioie  to  ensure  identical  coefficient  of 
reflection  and  identical  neat  withdrawal. 

V.  I.  Kovalenko.  Which  tne  maximum  frequency  of  functioning  the 
cil  spray  nozzle? 

X.  X.  Onosovskiy.  Accelerator  works  with  the  frequency  one  cycle 
4  s.  Respectively  works  cil  target.  The  teaporary/tiae  extent  of  jet 
is  approximately  equal  to  500  as. 
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Session  XII. 

CONTROL  AND  DIRECTION  CF  ACCELERATORS  WITH  THE  AID  OF  THE  COMPUTERS. 

166.  Main  principles  of  the  automation  of  Serpukhov  accelerator. 

A.  A.  Vasil'yev,  Yu.  S.  Ivanov,  A.  Kuz'min,  S.  M .  Rubchinslciy . 

(Radio  engineering  institute  of  the  AS  USSR)  . 

Tha  considerable  cost/value  of  the  operation  of  Serpukhov 
accelerator,  a  continuous  increase  in  the  volume  of  physical 
experiments,  further  development  of  accelerative  complex  and 
connected  with  this  complication  of  control  of  complex  leads  to  the 
need  for  the  automation  cf  diagnostics  of  its  systems  and  control  by 
them. 

when  selecting  of  the  principles  of  the  automation  of  Serpukhov 
accelerator  was  used  Soviet  [1,  2  J  and  foreign  experiment  [3-6]. 

On  the  basis  of  the  conditions,  which  exist  on  the  Serpukhov 
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accelerator,  was  selected  tne  functional  principle  of  the 
construction  of  the  diagram  of  automation,  which  makes  it  possible 
utilize  the  existing  ccnunun.Lcatz.ons  and  to  gradually  automate  the 
separate  functional  systems  of  accelerator  without  the 
distur bance/braa kd own  cf  its  operation  with  their  subsequent 
association  into  the  single  controlled  complex.  The  diagram  accepted 
must  provide  the  possibility  of  rapid  transition  to  the  manual 
control  of  functional  systems  from  the  local  control  panels. 

All  devices/equipment  of  accelerator  it  is  possible  to  divide 
into  two  groups:  1)  the  workers  synchronously  with  the  cycle  of 
acceleration  even  2)  the  uevices/eguipme nt  whose  work  is  not 
connected  with  the  cyclic  character  of  the  process  of  acceleration. 

Some  systems  of  accelerator  completely  consist  of  the 
devicas/equipraent,  which  cerate  to  the  second  group.  These  systems 
require  only  incidental  control  and  virtually  they  do  not  need 
control  by  operational  personnel  after  inclusion/connection.  By  such 
the  systems  of  overall  aesignatiou/purpose  are  vacuum  system,  systems 
of  water  cooling  and  general/common/total  power  delivery  and 
series/row  of  measuring  systems,  such,  for  example,  as  radiation 
monitoring.  All  systems  of  taxs  group  can  be  united  under  the  overall 
diagram  of  the  centralized  control  and  direction  with  the  wired 
program  of  external  units  and  under  the  simple  program  of  data 
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processing.  Other  systems  contaxn  devices/equiptuent  and  assemblies  of 
both  types,  but  as  a  whole  thay  are  characterized  by  the  cyclic 
character  of  works. 

They  include:  a)  linear  accelerator,  b)  the  introduction/input 
of  beam,  c)  the  system  of  radio  electronics,  generation  of 
accelerating  field  and  measurement  of  the  parameters  of  bean,  d)  the 
power-supply  system  of  elactromagaet ,  e)  the  system  of  the  correction 
of  magnetic  field,  f)  tne  beam  extraction,  g)  the  channels  of  the 
transportation  of  bean. 

At  present  all  devices  wnich  ensure  cyclic  work  of  the 
accelerator,  are  program  and  the  part  of  the  devices/equipment  is 
supplemented  by  analog  feedback.  Programs  can  be  corrected  by 
operators  on  the  basis  of  experiment  or  calculations.  The  programs  of 
the  work  of  the  series/row  of  devices/equipment  change  with  a  change 
in  requirements  of  experimental  paysicists'  on  the  part.  This 
readjustment  occurs  through  many  cycles  of  acceleration  and  in  a 
number  of  cases  in  this  case  is  required  accelerator  shutdown.  The 
more  number  of  controllatle/controlled/inspected  parameters  it  can  be 
processed  for  a  minimus  numoec  of  cycles,  the  more  operational  there 
will  be  the  control  by  accelerator. 

All  informational  signals,  existing  on  the  accelerator,  it  is 
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possible  to  subdivide  into  3  groups  in  form  of  the  signal:  time, 
state,  voltage.  The  signals  of  state  and  voltage  are  divided  into  the 
signals,  which  appear  periodically  with  the  cycle  of  acceleration 
(dynamic)  ,  and  the  signals,  emergence  and  change  in  which  it  is  not 
connected  with  the  cyclic  recurrence  of  woric  of  the  accelerator 
(static)  . 

Furthermore,  dynamic  signals  can  change  within  the  cycle  of 
acceleration  with  different  speea  (dynamic  rapid  and  dynamic  slow) . 

And  finally,  signals  it  is  possible  to  subdivide  according  to 
the  degree  of  the  importance;  tae  signals  of  subsystem,  system,  group 
of  systems  and  accelerator. 


In  accordance  with  tae  data  of  classifications,  given  below,  a 
quantity  of  informational  signals  of  accelerator  following: 

(I)  Bun  ciiniaaoB  fsU  KoninecTBo 

( 3 )  CocTOHHiie 

(Hi  CTaTiri9CKoe . 17 'tOO 

(Dni!Ha.Mii>i«cKoe . .  .  1  GOO 

^IcTani'iecKoe .  4  000 

(~l I  AHaaoronwe 

(t)  MenjieHHi.se . 000 

fylGbicTpwe .  400 

(i*lBpe.MeHHbie 

^MGfl/iemiwe .  130 

(d)6bicrpbie  .  . .  15 

(il|06mee  >uic/io  Maiiiwnibix  c/iob  (2  SafiTa)  .  8000 
(/iHlICaO  MGUIHKHblX  C/IOB  B  KOWflOM  miK/ie  1  700 

Key:  (1).  Signal  aspect.  (2).  Quantity.  (3).  State.  (4).  static.  (5). 


dynamic.  (6).  static.  (7).  Analog.  (8).  slow.  (9).  rapid.  .(10). 
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Tempocary/tiae.  (11).  Total  nuaoer  of  information  words  (2  bytes). 
(12).  Humber  of  information  war  us  in  each  cycle. 

It  is  logical  what  a  xar.jo  quantity  of  signals  is  must  be  worked 
•with  the  aid  of  the  computers. 

Page  240. 

However,  ever,  the  best  computers  cannot  work  with  the  accelerator  in 
real  time.  On  the  other  band,  the  operating  speed  of  the 
information-control  system,  wmch  contains  computers,  they  are  to  a 
considerable  extent  determined  oy  the  limited  capacity  of 
communicating  systems  anu  by  tut  inertness  of  actuating  elements. 

One  of  the  special  features/peculiarities  of  the  control  system 
in  question  is  the  relatively  wea*  synchronization  of  the  work  of 
computers  with  the  accelerator.  In  this  case  are  observed  only  the 
conditions:  1)  all  requirad  information  enters  computers  for  the 
time,  multiple  to  the  cycle  of  acceleration;  2)  all  control  siqnals 
enter  the  actuating  elements  into  pause  between  the  cycles;  3)  the 
information,  which  enters  eacn  cycle,  it  is  analyzed  in  the  same 
cycle. 

For  the  realization  of  tnis  operating  mode  must  exist  the  buffer 
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devices/equipment,  matcmag  tne  rate  of  the  emergence  of  information 
with  the  speed  of  the  admission  of  data  into  the  computers  and  the 
da vices/equipmant,  whicn  maite  it  possible  to  match  the  rate  of  the 
dalivary  of  the  computers  of  signals  with  the  numerous  ones,  the  rate 
of  the  delivery  of  the  computers  of  signals  with  the  numerous  but 
slow  actuating  elements. 

Fig.  1  gives  the  block  diagram  of  the  collection  of  information 
and  control  of  one  of  the  systems  of  accelerator.  This  diagram 
contains  the  converters  cf  dilrarent  signals  into  the  digital  form 
and  the  buffer  storage.  The  s yr.car onization  of  the  moaents/torgues  of 
measuring  of  signals  and  writing  into  the  buffer  storage  is 
accomplished/realized  by  the  special  synchronizers  whose  programming 
is  conducted  by  operator  or  computer.  Addressing  to  the 
devices/equip  me nt  and  the  memory  is  accomplished/realized  with  the 
aid  of  the  digital  code  of  sent  SVa  or  from  the  panel  for  operator 
into  the  control  unit  of  addressing. 

The  part  of  the  analog  signals,  necessary  for  the  direct 
observation,  they  are  transferred  by  the  wide-band  cables  and  are 
connected  up  to  the  independent  equipment  for  representation;  input 
of  these  signals  into  tae  computers  can  be  accomplished/realized  with 
aid  of  the  converters  whicn  equipped  computer.  All  remaining  signals 
are  transferred  literally  vita  the  aid  of  the  commutator,  controlled 
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by  computers  or  operator  ox  system  (or  accelerator)  .  Controling 
channel  of  subsystem  contains  inverters:  code-  state,  the  code 
analog,  code-  shaft. 

All  signals  from  the  accelerator  and  to  the  accelerator  are 
relayed  to  the  computers  tnrough  panel  for  operator. 

With  the  aid  of  the  ae vices/eguipment  on  the  panel  the  operator 
can  follow  the  information,  wnicn  enters  in  the  computers,  and 
accomplish/realize  autonomously  collection  of  information  and  manual 
control  of  the  devices/eguipaent  of  system. 

Into  equipment  for  panel  enters  the  storage  unit,  which  has  the 
limited  number  of  cells  (~10).  In  the  mode  of  automatic  control  the 
recording  of  information  into  the  cell  is  accomplished/reali zed  only 
under  the  condition  of  coinciding  the  address,  which  comes  from 
computers,  with  the  address,  collected  on  the  panel  of  manual 
control.  Recording  occurs  through  the  commutator  with  the  aid  of  the 
control  unit  of  recording,  thon  digital  signal  will  be  decoded  and  is 
reproduced  on  the  display  devices/eguipaent  of  panel.  Transition  from 
the  automatic  control  to  the  manual  local  is  conducted  with  the  aid 
of  the  control  unit  by  thy  kind  of  work.  During  the  manual  control 
the  operator  of  system  must  collect  on  the  panel  of  the  manual 
control  of  the  address  cf  informational  and  actuating 
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devices/equip ment,  and  also  tae  codes  of  the  values  of  the  control 
pressures.  Transmission  ana  raception  of  signals  must  be  synchronized 
with  the  cycles  of  acceleration. 
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Block  diagram  of  the  collection  of  information  in  the  control  of  the 
system  of  accelerator. 

Key:  (1)  .  Subsystem  (functional  systems  of  accelerator)  .  (2)  . 

Commutator  of  analog  signals.  (3).  Commutator  of  analog  signals.  (4). 
Commutator  of  temporary/time  of  signals.  (5) .  Converter  of  state-code 
(static.  (6).  Converter  of  state-code  (dynamic.  (7).  Converter  of 
analog-code  high-speed.  (8) ,  Converter  time-  code  high-speed.  (9) . 
fionverter  analog-code  (slow  of  signal)  (10).  Converter  analog-code 
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static  signals.  (11).  Converter  a  time-  code  slow  signals.  (12). 
Synchronizer.  (13).  Converter  code-  state.  (14).  Converter  analog 
code.  (15).  Converter  coda-  shart.  (16).  Formation  of  words  buffer 
storage.  (17).  Commutator  of  informational  signals.  (18).  Unit  of 
control  of  addressing.  (19).  Commutator  of  control  signals.  (20). 
Timing  pulse.  (21).  Buffer  de vice/equipment .  (22).  Panel  of  manual 
control.  (23).  fioaautatcr.  (24).  To  other  subsystems.  (25).  Address 
of  informational  signals.  (26).  Address  of  control  of  signals.  (27). 
Controlling  effect.  (28).  Control  unit  by  kind  of  works.  (29). 
Address.  (30).  Controlling  signals.  (31).  from.  (32).  Commutator. 
(33).  Memory  of  k-  words.  (34).  fiecording  unit.  (35).  Oscillator  of 
addresses.  (36).  Decoder.  (37).  Indicative  device.  (38).  Coupling 
unit  s.  (39).  Panel  for  operator. 

Page  241. 

This  oparation/process  during  the  manual  control  is  produced  the 
oscillator  of  addresses. 

Address  signalsj  iotn  arriving  from  without  and  formed  during 
the  manual  control,  partially  will  be  decoded  in  the  unit  of  control 
by  the  kind  of  work  and  controx  the  commutator  of  subsystems,  which 
connects  the  appropriate  address  and  controlling  channels. 
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Block  of  counecticn/coramun-ication  of  the  panel  for  operator  with 
the  computers  and  the  central  control  desk,  makes  it  possible  to 
check  the  actions  of  operator,  and  it  also  makes  it  possible  for 
operator  TO  systematize  setting  up  in  the  computer  memory  and  to 
request  the  required  programs.  In  the  series/row  of  the  panels  for 
systems  it  will  be  necessary  to  set  the  indicative  devices/equipment, 
controlled  of  the  computers,  and  which  supply  the  operator  of  system 
by  the  data,  obtained  cn  one  oasis  of  information  analysis.  Central 
accelerator  frequency  car  oe  constructed  according  to  the  same 
diaaram. 


1  I 

■  i 


The  block  diagram  of  tne  collection  of  information  and 
transmission  of  the  control  pressures  is  suitable  both  during  the  use 
by  one  computer  for  the  control  of  entire  accelerator  and  during  the 
use  of  several  computers,  united  into  the  hierarchical  system  from 
the  computers  of  the  highest  and  of  lower  level. 


V i 

> 


During  the  use  of  cheap  and  reliable  small  computers  the 
use/application  of  a  multimacnine  version  is  mere  preferable,  since 
in  this  case  the  step  by  step  possible  conducting  of  automation  along 
the  functional  systems  with  the  consecutive  insertion  of  means  into 
the  equipment  and  the  communications.  The  analysis  of  the 
informational  and  control  signals  taking  into  account  the  use  of  the 
proposed  block  diagram  they  ®a<e  it  possible  to  make  the  conclusion 


i 


DOC  =  30069319 


PAGE 


ji&3 


>f 


that  in  control  of  Serpukhov  accelerator  there  is  no  need  for 
applying  computers  with  the  ta=  large  high-speed.  Sc  for  the 
single-machine  version  is  necessary  computer  with  the  operating  speed 
of  50-100  thousand  operations/processes  per  second  and  in  volume  of 
working  storage  -6*  k.  in  the  muitiaachine  version  the  operating 
speed  of  the  computers  cf  tne  lower  level  can  be  Unitedly  20 
thousand  opecations/processos  per  second.  Volume  of  working  storage  4 
and  32  to  cells  for  the  computers  of  lower  and  upper  level 
respectively.  In  any  event  central  computer  must  have  interchangeable 
disks  and  strips/films  with  the  informational  capacity/capacitance 
not  less  than  500  k,  display  on  tne  cathode-ray  tube,  ATsPU  and  unit 
of  selection  of  programs  from  tne  lasting  computer  memory  teleprinter 
cr  electrified  macine. 

During  the  first  stage  or  automation  must  be  accomplished  the 
checking  of  the  parameters  of  accelerator  and  the  presentation  of 
information  of  the  analysis  of  its  work  in  the  edited  fora.  In  the 
second  stage  must  be  introduced  into  the  computer  memory  the  routines 
of  control;  they  must  he  caused  by  the  operator  on  the  basis  of  data, 
represented  to  computers.  Tnira  stage  -  direct  control  of  computers 
by  the  accelerator  on  the  oasis  cf  data,  obtained  from  it.  The 
introduction  of  the  programs  of  this  type  will  be  it  occurs  only 
after  the  careful  analysis  of  the  accumulated  experience. 
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Tha  effectiveness  of  automation  and  the  correctness  of  the 
selected  principles  and  methods  is  intended  first  to  approve  on  one 
or  two  functional  systems  of  accelerator. 

Use  of  computer  for  tha  automation  of  Serpukhov  accelerator  must 
as  a  result  increase  the  reliability  of  the  functioning  of 
accelerator  and  a  number  of  conducted  on  it  physical  experiments,  and 
also  improve  the  parameters  of  tne  accelerated  beam. 
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Di scussion. 

V.  G.  Sukhov.  There  were  any  assumptions  relative  to  the  type  of  the 
machines,  to  which  you  are  oriented? 

k.  A.  Kuz’min.  If  we  speax  about  the  machines  of  low  level,  then 
we  are  oriented  toward  the  aacnines  of  the  type  "parameter'’. 
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167.  To  a  question  about  tne  overall  automation  of  linear  accelerator 
cn  energy  of  #  2  GaV. 

y 

I.  A.  Grrsha^ev,  Yu.  I.  Dcorolyubov,  7.  >1,  Kobezskiy,  V.  I.  Kolosov, 

V.  D.  Krasnikov,  V.  V.  .lei •  niche ekc,  7.  I.  Myakot. 

(physiotechnical  institute  of  AS  OicSSR). 

Lintv\r  electron  accelerator  to  the  energy  2  GeV  is  put  into  use 
in  1965  [ 1  ].  Control  of  accelerator  at  present  is  conducted  of  three 
points.  The  initial  part  of  the  accelerator,  which  consists  of  10 
sections,  copes  with  the  panel  for  operator.  The  others  of  40 
accelerating  sections  cope  wita  the  central  control  desk  for 
dispatcher,  and  output  units  and  tne  system  of  beam  shaping  -  from 
the  panel  for  conclu sicn/output. 

Page  242. 


On  the  panel  for  operator  are  arranged/located  50  control 
devices  and  54  monitoring  and  measuring  instruments,  200  controlling 
also  about  220  monitoring  and  measuring  instruments  on  central 
control  desk  for  dispatcher  and  on  the  order  of  20  controlling  and 
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monitoring  and  measuring  instruments  to  the  panel  for  output.  On  the 
local  control  panels  are  aoout  250  monitoring  and  measuring 
instruments,  on  which  is  conducted  the  estimation  of  the  state  of 
work  of  the  accelerator,  uocai  control  panels  are  arranged/lccated  in 
the  klystron  hall,  having  langta  or  250  a. 

In  the  course  the  operation  ox  the  accelerator  of  the 
characteristics  of  individual  systems  is  improved  and  at  present  the 
series/row  of  the  output  parameters  of  beam  significantly  exceed 
designed.  Usually  the  energy  dissipation  of  the  accelerated  electrons 
in  the  operating  range  of  energies  does  not  exceed  O.lo/o  at  the 
level  0,samoI  and  1.9o/c  at  the  level  J.iOmo*  and  the  best  values 
respectively  -  0.15  and  0.55o/o. 

Work  of  the  accelerator  in  taa  aodes/condition.s  with  the  close 
tolerances,  and  also  increase  in  tae  requirements  for  the  beam  lead 
to  considerable  complication  ox  its  control.  During  the  operation  of 
accelerator  in  1969  about  20o/o  o f  time  left  to  the  tunings  and  a 
change  in  the  tsode/condi  tions.  Among  other  things  to  the 
rearrangement  of  accelerator  with  a  change  in  the  parameters  of  beam 
in  the  demand  of  experiaentex  are  spent  about  8o/o,  to  the  tuning  of 
accelerator  with  the  insignificant  divergence  of  the  parameters  of 
beam  -  about  6o/o  and  to  cne  search  of  malfunctions  with  the 
divergence  of  the  parameters  or  oeam  from  the  given  ones  -  about 
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For  an  i mprovement  in  the  effectiveness  of  control  of 
accelerator,  redaction  of  the  unproductive  expenditures  of  tine  and 
guarantee  of  maximally  possible  stabilities  of  the  parameters  of  beam 
is  developed  the  program  of  the  overall  automation  of  accelerator. 
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The  basis  of  overall  automation  is  the  use  of  the  electronic 
digital  controlling  system  *• Dniepr-2'*,  with  the  aid  of  which  it  is 
proposed  to  solve  the  following  problems:  a)  the  automatic  check  of 
the  parameters  of  beam  ana  the  important  parameters  of  support 
systems;  b)  the  retention  of  energy  of  the  accelerated  particles  with 
the  precision/accuracy  +-  (0 .  1-b. u 1 ) o/o,  the  guarantee  of  divergence 
in  limits  {1-5)  x  10~5  of  rad  ana  necessary  size/dimension  of  beam 
for  the  target,  limiting  the  arift  of  the  center  of  charge  not  more 
than  ■•■-0.25  mm,  or  the  retention  of  the  intensity  of  beam  within 
limits  of  ♦>-  1o/o;  c)  a  change  in  energy  and  intensity  of  the 
accelerated  particles  in  tne  aemanu  of  experimenter;  d)  are  more 
distant  near  forecasting  of  parameters  of  beam  and  technical 
diagnostics  of  the  systems  of  accelerator;  e)  the  optimization  of 
control  of  accelerator. 

For  our  accelerator  it  is  proposed  to  utilize  the 
information-control  system  whose  clock  diagram  is  shown  in  Fig.  la. 
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The  selection  of  mode/conditions  and  the  setting  up  of  the  necessary 
parameters  of  beam  are  conducted  by  experimentor  and  with  the  aid  of 
the  input  unit  it  is  transferred  to  the  system  "Dniepr- 2" .  In  the 
dispatcher  of  accelerator  on  oy  indicator  device  are  reflected  the 
required  parameters  of  team  and  the  operating  mode.  With  the  aid  of 
the  special  commutators  cf  control  and  measurement  the  machine 
automatically  controls  aquipmant  component  and  automatically  are 
measured  the  parameters  cf  ceam  and  systems.  The  dispatcher  of 
accelerator  controls  remotely  intermediate  systems  and  is  checked  the 
part  of  the  parameters  cf  systems.  Connection/ccmmunication  with  tne 
computer  dispatcher  produces  with  the  aid  of  the  teleprinter. 

Retaining  the  principle  of  additivity,  a  program  of  the  overall 
automation  of  accelerator  it  is  proposed  to  carry  out  into  several 
stages. 

I  stage.  Introduction  of  tne  central  control  of  systems,  the 
start  of  local  regulators  to  the  basic  parameters  of  beam,  automatic 
control  the  output  parameters  of  oeaa  and  efficiency  of  main  systems 
with  the  aid  of  the  computational  controlling  complex  "Dniepr-2" , 
testing  of  program  of  consultant. 

II  stage.  Preparation  and  inclusion  into  the  control  of  the 
accelerator  of  the  electronic  digital  controlling  system  "Dniapr-2" 


DOC  =  80069319 


PAGa 


INfl 

into  the  mode/conditions  of  the  retention  of  the  parameters  of  beam, 
the  tasting  of  the  program  of  rorecasting  and  technical  diagnostics. 

Ill  stage.  Gradual  transition  to  f ull-autoaatic  control  for  the 
self-teaching  program. 

From  the  point  of  view  of  control  linear  electron  accelerator  is 
system  with  a  larga  quantity  of  input  and  disturbing  affects,  which 
determine  in  the  final  analysis  the  output  parameters  of  beam  and 
their  stability.  To  the  most  important  output  parameters  should  be 
carried:  the  parameters  cf  the  energy  spectrum  of  the  accelerated 
particles;  the  position  cf  the  center  of  the  charge  of  beaa  in  the 
accelerator  and  to  the  target,  the  emittance  of  beam;  average/mean 
and  pulse  intensity. 

The  investigation  cf  the  instabilities  of  beam  shows  that  in 
terms  of  the  character  and  conditionally  it  is  possible  to  divide 
them  into  somewhat  sufficient  clearly  chosen  groups:  instability  to 
(2-3)  o/o  with  characteristic  periods  (0.5-2)  s  (Fig.  2a);  instability 
of  approximately  5o/o  witn  period  (10-20)  s;  to  instability 
(10-20)o/o  with  the  periods  mors  tnan  1  min  (Fig.  2b,  c)  ;  short-term 
short  duration  failures  (Fig.  2b). 
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Fig.  1.  The  block  diagram  or  tne  information-control  system  (a) ,  the 
basic  control  loops  of  accelerator  (b)  D  -  dispatcher  of  accelerator 
F  -  experimenter;  KI ,  KU  -  commutators  of  the  measuring  and 
controlling  channels;  AU,  HU  -  automatic  and  manual  control;  13 V  - 
input  unit;  FE  -  equipment  for  pnysical  experiment;  I  -  indicator 
signal  panel  of  dispatcher;  T  -  teleprinter;  2,  U,  F  -  circuits  of 
control;  by  energy;  by  the  intensity  of  particles  and  by  beam 
shaping;  *  -  phase  inverter;  KP  -  magnetic  corrector;  IE  -  electron 
source;  oKy  -  sensors  or  intensity,  position  and  sizes/diaensions  of 
beam;  KL  -  quadrupole  lenses. 

Key:  (1).  Accelerator  2  GeV.  (2).  System  "Dniepr  2". 
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Data  on  the  analysis  c:  staniiity  of  accelerator  [2,  3]  show 
that  in  the  control  system  it  is  possible  to  isolate  three  bases  of 
the  contour/outline:  control  loop  of  energy  of  the  accelerated 
particles,  the  contour /outline  ox  the  beam  shaping  and  control  loop 
of  the  intensity  of  beam.  Tae  nxccJc  diagram  o£  accelerator  with  such 
contours/outlines  is  shewn  in  Fa,.  1b. 

The  work  of  control  loops  it  is  possible  to  describe  by  the 
funct  ionals: 

W  =  *U0«, ,  <?v) , 

c*xi|s9(wi,  ,^,3^  ,3^  ,  w), 

3  =  (p  (  P3n,  3h  ,  Euc  ), 

where  i=1,  2,  3  ...  50;  h=  I,  i,  3  ...  18;  w  -  output  energy  of 
accelerator;  E0l  -  amplitude  value  of  accelerating  field  i  of  section 
'Pi,  -  phase  of  accelerating  field;  -  fora  and  position  of  beam; 

~  energy,  acquired  by  electron  in  section;  3(&«  -  current  of  the 

focusing  solenoid,  3yt,  -  magnetic  correctors*  currents;  3  - 

intensity  of  particles  at  tna  output  of  accelerator,  P3iV  -  power  of 
electronic  preheating,  -  filament  current  of  gun;  Eu£  - 
intensity/strength  of  accelerating  field  of  injector  section. 

For  simplification  cx  the  adjustment  of  a^celarator  the  part  of 
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the  independent  variables  m  functionals  l  E0l,'W1(,3(jllt,axv,3^i,3H,Euc)  *s 
assembled  into  the  standard  sets  of  values  and  for  this  mode  is 
supported  by  constant.  The  introduction  of  such  standard 
modes/conditions  made  it  possible  to  bring  together  a  quantity  of 
control  pressures  to  60-70  instead  of  250,  which  led  to  the 
considerable  facilitation  or  control  of  accelerator. 
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Fig.  2.  Some  characteristic  recordings  of  instabilities,  a)  signal 
from  the  quantametar  (target  crystal) ;  b)  signal  froa  the  quantaaeter 
(target  amorphous) ;  c)  signal  froa  the  monitor. 


Key :  ( 1)  .  s.  (2)  .  ain. 
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Fig.  3.  Block  diagram  of  the  stabilization  of  energy  (b)  and  current 
control  at  the  output  ci  linear  accelerator.  IE  -  electron  source;  L0 

-  linear  accelerator;  SD  -  resonator  sensor;  I  -  integrating  unit;  3L 

-  block  of  logic;  RE  -  unit  with  tne  relay  characteristic;  U  - 
amplifier;  US  -  accelerating  section;  MVE  -  monitor  of  the  secondary 
emission;  tf  -  phase  inverter;  EP  -  electromagnetic  drive;  KIU  - 
klystron  pulse  amplifier;  PM  -  rotary  magnet  SP-82;  T  -  current  of 
accelerator. 
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For  the  adjustment  of  energy  in  the  small  limits  it  is  utilized 
by  one  of  the  latter/last  accelerating  sections,  and  position  and 
beam  shape  -  magnetic  corrector  and  guadrupole  lens.  The  control  of 
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intensity  of  beam  is  conducted  cy  the  changing  of  the  raode/conditions 
of  the  electronic  preheating  of  the  gun  of  injector. 

For  an  improvement  in  the  stability  of  energy  of  the  accelerated 
particles  is  used  the  stabilization  system  [4]  (Fig.  3a),  which  makes 
it  possible  to  compensate  disturcances/perturbations  (20-25)  SeV 

with  precision/accuracy  0. 2o/o  as  the  sensor  with  use  of  monitors  of 
the  secondary  emission,  difference  signal  from  which  is  amplified  and 
is  supplied  to  the  control  phase-mverte r  with  electromagnetic* 
actuator.  A  change  in  the  pnase  of  accelerating  field  leads  to  a 
change  in  the  energy  of  particles.  Differential  circuit  makes  it 
possible  to  eliminate  in  some  limits  the  effect  of  current. 

In  the  control  loop  of  the  intensity  of  part  is  used  the  control 
system  whose  block  diagram  is  snown  in  Pig.  3b.  For  reducing  the 
mutual  effect  of  the  regulator  of  intensity  on  the  work  of  the 
stabilization  system  of  energy  is  used  the  unit  with  the  relay 
characteristic  (RE),  Deadband  is  selected  as  being  equal  to  2o/o. 

With  an  abrupt  change  in  the  intensity  of  particles  the  block  of 
logic  (BL)  disconnects  regulator  and  shields  from  the  damage  electron 
source.  As  the  sensor  cl  intensity  is  utilized  span  type  standard 
resonator. 

This  combination  of  regulators  made  it  possible  to  obtain  the 
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independence  of  the  worx  of  regulators  in  the  aode/condii- ions  of  the 
retention  of  the  parameters  of  b^am.  In  the  process  of  the 
realization  of  plan/layout,  procaoly,  nil!  be  introduced  corrections 
and  supplements  taking  into  account  inventions  in  experience  of 
control  of  accelerator.  Basic  tasx  is  the  introduction  of  a 
program-adviser. 
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Discussion. 


V.  V.  Tsyganov,  is  assumed  plotting  of  the  mathematical  model  of 
linear  accelerator? 


V.  I.  Kolosov,  Thus  far  this  it  was  not  dona,  but  after  the  execution 
of  the  1st  stage  of  wonts  we  will  oeqin  the  construction  of  this 


model 
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168.  Data  transmission  and  use/application  of  means  of  computer 
technology  in  the  project  of  tne  intersecting  rings. 


By  P.  Uolstenkholy. 


(CERN ,  Switzerland) 


1.  Project  of  intersecting  rings  (PNK)  [  1  ]. 


The  actualization  of  tna  project  of  the  intersecting  rings  in 
CERN  was  begun  in  1966;  the  beginning  of  experimental  investigations 
on  this  installation  up  is  planuea  for  July  1971.  Proton  beams  they 
will  circulate  in  two  opposite  directions  in  two  separate  rings, 
arranged/located  in  the  generai/ccmmon/total  tunnel  {see  Fig.  1)  . 
Into  each  ring  will  be  injecteu  a  iarge  number  of 
impulses/momenta/pulses  from  tne  proton  cyclotron  on  the  energy  28 
GeV  and  as  a  result  of  the  accua ulation  of  particles  they  will  be 
achieved/reached  current  on  oruer  cf  20a.  The  intersection  of  beams 
is  possible  at  eight  points;  nowever,  in  the  first  experiments  will 
be  used  only  four  of  them. 


PNK  differ  from  other  installations  for  the  investigations  in 
high-energy  physics  in  terms  of  two  special  features/peculiarities: 
large  area,  occupied  by  this  installation  and  b>  an  enormous  quantity 
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of  accessory  equipment.  For  example,  vacuum  system  contains  more  than 
700  pumps  and  vacuum  manometers  and  represents  already  itself  very 
complicated  object  from  the  point  of  view  of  control  and  direction. 
There  are  approximately  300  separate  circuits  of  power  supply  of  the 
magnets  which  require  control  ana  control,  and  also  large  number  of 
devices/equipment  for  monitoring  tne  beam. 

The  electronic  circuits  of  control  and  the  sources  of  power 
supply  cannot  be  established/installed  in  the  circular  tunnel  as  a 
result  of  the  high  amounts  of  radiation;  therefore  they  are  arranged 
in  eight  buildings  for  tne  equipment,  erected  in  the  circumference  of 
ring.’jliotK  building  is  lccateu  near  the  beginning  of  systen  for  the 
translaticn/'conversion  cf  beam.  Finally,  very  large  tenth  building  is 
oc~  oied  with  the  central  equipment  of  the  system  of  power  supply  and 
cocking;  in  cne  end./leau  of  tnis  ouilding  is  arranged/located 
console. 

Equipment  for  data  collection  and  control  system  they  are 
concentrated  in  these  buildings  for  the  equipment;  the  signals 
between  those  buildings  and  console  ace  transferred  usually  by  the 
multiplex  channels  for  the  purpose  of  the  savings  of  cables. 
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!  2.  Control  system  with  computer  [  2  J. 

The  system  of  control  of  t NK  with  the  computer  was  planned  as 
observation  system  (control) ,  but  not  for  the  automatic  control. 

Computer  functions  consist  of  ensuring  of  transmission  and  indication 

i 

1  information  to  the  service  personnel  and  to  transfer  the  commands  of 

operator  to  different  equipment  components.  At  present  primary 
attention  is  concentrated  in  providing  functions  which  can  prove  to 
be  useful  during  launching/starting  of  rings;  however,  in  future  year 
will  be  turned  larger  attention  to  the  automation  of  control.  Dp  to 
now  program  any  cybernetic  eletaents/cells,  and  all 
'  operations/procasses  of  control  e.re  fulfilled  by  operators;  however, 

at  the  same  time  are  examined  several  diagrams  of  automatic  control 
with  closed  circuit,  which  fulfill  the  functions  of  optimization.  One 
|  should  emphasize  that  tne  most  complicated  problem  in  the  case  of  any 

•  1  control  system  with  the  computer  concerns  the  input  units  and 

conclusion/output.  Only  after  it  is  established/installed,  that  the 

1 

*;  machine  has  an  access  to  the  ralianle  information,  it  is  possible  to 

•i  examine  the  mathematical  problems  of  closed  circuits  of  correction, 

i 

J  ’n  order  to  ensure  tns  maximum  accessibility  of  the  system  of 

'  omputer,  it  was  decided  to  set  two  identical  computers  of  modular 

if 

construction/design.  One  of  taem  is  utilized  as  the  basis,  the  worker 

i 

"on  line",  whe  *ias  the  second  serves  as  the  source  of  different 
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blocks/modules/units  for  the  replacement  (ZU  magnetizing  cores,  the 
digital  units  of  input  and  output,  etc.)  and  is  utilized  as  the 
computer  "off  line".  3cth  inacmnes  are  connected  the  lines  of  the 
transmission  of  information,  winch  makes  it  possible  to  utilize  the 
second  machine  for  the  solution  of  some  problems  on  real  time,  too 
complicated  for  one  basic  machine.  Up  to  now  the  presence  of  two 
computers  having  inestiaaoly  doo+ftjbot<.cL  to  -ao.ee loiAt'orv  of  the 
development  of  system,  ensured  tna  possibility  of  the  parallel 
development  of  equipment  and  program  cf  software.  In  the  period  of 
operation  PNK  during  use  oy  cne  cf  the  machines  "on  line"  this  will 
ensure  the  possibility  of  continuing  the  development  of  system 
without  the  limitations  and  tne  difficulties,  which  may  arise  during 
the  attempt  to  combine  chut  and  ctner  functions  in  one  machine. 

Each  computer  has  ZU  on  the  disks,  is  conducted  assembly  ZU  on 
the  magnetic  tape.  The  latter  will  be  utilized  for  the  recording  of 
data  in  the  operating  cycles  cf  computer  and  for  the  recording  of 
data  in  the  usual  order,  and  tney  will  be  also  useful  in  the  process 
cf  development  of  software  (see  toe  block  diagram  Fig.  2). 
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In  the  system  with  tne  external  control  most  important 
element/cell  is  connectica/coaaunication  of  machine  with  the 
operator.  Although  the  oata  extraction  of  computer  will  bs 
accomplished/realizad  with  the  aid  of  several  fixed/recorded 
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annunciators,  and  control  or  it  with  the  aid  of  the  fixed/recorded 
control  switches,  important  value  for  all  new  or  special  fucntions  cf 
machine  has  its  flexibility.  Therefore  computer  will  be  equipped 
besides  the  teleprinters  with  pcwerf  ul/thick  display  system  with  the 
electron  tubes  and  with  keyboard,  with  the  aid  of  teleprinter  or 
keyboard  of  display  system  it  will  be  possible  to  turn  to  any 
programs  and  cause  them  in  any  sequence.  During  at  least  the  the 
nearest  to  twelve  months  tne  majority  of  programs  will  be  utilized 
thus  such. 

All  programs  and  arrays  of  information  are  equipped  with  the 
designations,  which  contain  to  four  letters.  For  addressing  the 
program  on  the  keyboard  is  coilected/com posed  its  designation,  and 
then,  if  necessary,  the  taole  of  the  values  of  the  parameters.  The 
conditions,  which  are  not  necessary,  make  it  possible  to  launch 
program  into  the  specific  mcment/corqua  either  the  time  interval  or 
to  synchronize  it  with  the  moments/torques  of  injection  in  PNK,  or  to 
cause  the  specific  external  unit. 


0  100  2i.'« 


Fig.  1.  Plan/layout  of  construction  sits  of  PNK. 
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To  each  coanand  is  given  the  earner  which  either  is 


DOC 


80069319 


FAGS 


Ifitf 

collected/composed  by  operator  or  it  is  appropriated  by  machine. 
Marker  can  be  utilized  tc  terminate  the  work  cf  program.  Are  given 
below  some  examples  of  the  commands: 

VTVR  -  indaxes/identif ies  the  position  of  beam; 

MSET  (246T,  1)  -  teed  mode  of  the  magnets  of  section  1  to  set  in 
accordance  with  th9  ble  2461; 

TEST;  ASCN,  IN=5S(2),  2 5(2,  34,  2)  -  test  program;  is  studied  analog 
interrogating  unit  2,  introduction/input  34,  after  every  2  s,  prints 
10  references.  Marker  "TEST"; 

i.  pemove  test  -  ceases  tne  wor*  cf  preceding/previous  program 
{A SCN)  . 

Program-dispatcher  switcnes  on  the  means  of  multiprogramming  for 
seven  users  each  of  when  has  available  the  separate  panel  (keyboard) , 
the  means  of  memory  allocation  in  ZU  on  the  magnetic  cores  and  on  the 
disks  between  programs  and  arrays  of  the  data,  and  also  the  memory 
buffer  ZU  of  display  system. 

Fundamental  sets  cf  input  and  output,  connected  with  PNK,  are 
considered  as  external  units  and  are  controlled  also  by  supervisory 
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program.  This  makes  it  pcssioie  to  utilize  them  more  than  in  one 
simultaneously  called  program,  wnich  is  substantial  for  such  elements 
cf  system  as  the  analog  interrogating  unit. 

Programs  usually  are  stored  in  ZU  on  the  disks  in  the  moving 
binary  fora  in  the  state  of  readiness  for  the  call  for  any  field  ZU 
on  magnetic  cores. 

The  time  of  days  is  assigned  through  every  10  ms  with  the  aid  of 
the  pauses  from  the  central  synchronizing  system  of  PNK ,  and  the 
operating  time  of  all  programs  cables  itself  either  to  these  pauses 
or  to  the  impulses/moaenta/pulses  of  device/eguipment  for  the 
particle  injection,  accelerated  cn  the  synchrotron. 

In  another  computer  is  utilized  another  program-dispatcher.  It 
contains  more  complicated  operators  of  the  arrays  of  information  and 
allows/assuraes  the  possibility  of  composition  and  use  in  the  line  of 
programs  in  the  language  FORTRAN.  Programs  can  be  stored  in  ZU  on  the 
disks,  being  they  are  written,  if  this  is  necessary,  in  the  input 
language,  the  accumulating  language,  in  the  mixed  or  absolute  binary 
code.  Since  the  plotter  reguires  tne  larger  library  of  routines  in 
the  language  FORTRAN  and  the  larger  capacity  of  storage  (ZU  on  the 
magnetic  cores) ,  it  is  connected  with  the  second  computer. 
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When  this  is  convenient#  with  the  programming  is  utilized  the 
possibility  of  the  "conversation"  of  machine  with  the  operator.  For 
example,  if  command  incomplete ,  machine  puts  cut  the  information 
about  the  missing  elemer. t/ce  11  and  the  correction  method  of  error. 
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Fig.  2.  System  block  diagram  or  control  of  PMK  with  use  of  two  | 

controlling  computers.  J 


Key:  (1).  Tape-drive  mechanisms.  (<i)  .  and  system  of  of  beaa  transfer. 
(3).  Control  of  magnetic  recorder.  (4).  Pulse  outputs  for  electric 
power  supply.  (5).  Interface.  (6).  Analog  scanning  system.  (7). 
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Control  of  alectric  power  supply.  (8)  .  Simulating  block/module/unit . 
(9).  Control  of  power  supply  {it  is  twisted).  (10).  Programmers. 

(11).  Engineers.  (12).  Operators.  (13).  Panel  for  operator.  (I1*). 
Teleprinter.  (15).  4raF a  plotter.  (16).  Control  unit  of  peripheral 
devices  (17).  digital  scanning  system.  (18).  Monitor.  (19).  feead  out 
from  paper  tape.  (20).  Line  of  data  transmission  (21).  Monitor.  (22). 
Equipment,  created  in  CEfiN.  {23).  Counter  from  paper  tape.  (24). 
Equipment  created  by  fim  rerranti.  (25)  .  Unit  of  control  of  display. 
(26).  Unit  of  control  by  punch  devices/equipnent.  (27). 

De vice/aquipment  of  reacting  or  punch  cards.  (28).  Device/equipment  of 
press/printing  on  paper  tape.  (29).  Panel  (3  with  keys/wrenches  and 
"rotating  sphere".  (30),  Teleprinter.  (3  1).  Press/printing. 


3.  Data  collection. 


Slowly  changing  numerical  data,  for  example  signals  about  the 
position  of  valves/gates  and  the  state  of  the  control  equipment,  and 
also  signals  about  the  mail  unctions  in  the  power-supply  system,  are 
collected  by  th9  continuously  working  interrogation  device/equipment 
with  the  control  on  transistors  £4],  which  simultaneously  requests 
groups  of  24  contacts  and  it  introduces  directly  into  ZU  on  the 
magnetic  cores  of  word  ot  24  nits,  which  describe  their  state.  Every 
112  ms  in  ZU  on  the  magnetic  cores  is  supplied  the  perfect 
information  about  the  state  of  80t>u  contacts,  which  replaces  tho 
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previously  entered  information. 

Headings  of  the  analog  instruments  of  are  gathered  by 
interrogating  unit  on  the  relay,  and  then  enter  integrating  digital 
voltmeter  [5,  6].  This  instrument  nas  a  somewhat  unusual 
construction/design  and  consists  of  the  converter  of  voltage  into  the 
frequency,  path  of  impulses/momenta/pulses  from  which  they  are 
supplied  to  the  counter  in  the  console.  Osually  measurements  are 
conducted  with  the  time  cf  integration  20  ms,  but  for  each  reading  it 
is  possible  to  assign  the  time  cf  integration  10,  100  or  200  ms. 
Although  this  system  can  seem  oy  slow,  because  of  the  presence  of  two 
converters  in  each  of  li  centers  of  data  collection  the  total  rate  of 
measurement  can  reach  several  nundred  readings  1  s. 

Several  subsystems  axe  connected  with  the  computer  by  rapid 
lines  of  transfer  of  digital  information. 

4.  Data  transmission. 

PNK  contains  very  diverse  equipment.  Some  of  its  eleaents/cells 
are  connected  with  the  macuine,  ethers  are  not  depended;  the  part  of 
this  equipment  is  constructed  in  CERN,  and  part  is  prepared  with 
industry.  Therefore  the  unavoidably  simultaneous  use  of  several 
transmission  systems  of  signals.  It  was  at  the  same  time  necessary  as 
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far  as  possible  ensure  the  savants  of  cables  and  not  to  supply  all 
signals  directly  to  the  equipment  in  the  console-  Therefore  for  the 
transmission  of  information  to  tne  buildings  for  the  control 
instruments  frequently  are  utilized  the  multiplex  communication 
channels.  In  the  systems  or  data  collection  from  control  system  by 
power  supplies  on  the  ude  scales  is  utilized  the  matrix  method  with 
the  use  of  diodes,  whi cn  maxes  it  possible  to  transmit  MxN  signals  on 
M+N  to  leads/ducts. 

As  far  as  possible  in  the  lines  of  transmission  of  signals  to 
the  buildings  for  the  eguipaeat  are  utilized  the  high  levels  of 
signal  and  narrow  frequency  nanus.'  Standard  aulticore  cables  of  PNX 
consist  of  the  woven  pairs  of  strands  of  the  common  screen;  it  was 
established/installed,  that  they  are  very  convenient  for  the  balanced 
transmission  of  sync hrc r izing  signals.  The  special  four-wire  cables, 
containing  each  2  veins/ strands  for  the  video  frequency  and  the  low 
frequency,  proved  to  be  excellent  for  the  balanced  transmission  of 
signals  at  the  more  higu  frequencies  and  with  the  distinct  results 
they  are  utilized  in  the  closed-circuit  television  systems.  The 
use/application  of  long  coaxial  cables  is  limited  by  the  cases  when 
is  required  broad  frequency  band  or  precise  knowledge  of  delay  time. 

In  many  lines  of  control  for  the  vacuum  systems  is  used  the 
system  of  carriplex  [7],  whicn  maxes  it  possible  to  combine  400 
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channels  for  the  transmission  of  control  signals  or  measurement  data 
with  the  frequency  by  hand  10  Hz  in  one  cable.  In  this  system  there 
are  separate  receivers  and  transmitters,  which  can  be 
established/installed  in  any  place,  which  makes  it  possible  to  ensure 
extreme  decentralization.  Thus,  basic  dasignation/purpose  of  this 
system  in  PNK  there  will  oe  tne  guarantee  of  teaporary/tiae, 
experimental  either  urgent  lines  of  communications  when  the  packing 
of  special  cables  is  uceconomicai,  or  unrealizable  fast  enough. 

The  leading  idea  during  tne  design  of  the  control  systems 
consisted  of  concentrating  of  complicated  equipment  in  the  console, 
and  to  utilize  simple  multiplex  methods  cf  the  transmission  of 
commands  from  the  console  to  the  distant  objects  of  the  controls 
which  also  must  be  possibly  simpler.  Shere  this  is  possible,  the 
computer  is  connected  wita  tne  multiplex  line  in  parallel  with  the 
panel  for  manual  control.  One  snculd  emphasize  that  PNK  are  not  the 
pulsed  accelerator,  but  by  the  machine,  which  works  in  the  continuous 
duty,  which  after  startang/xauaching  continues  to  work  without  the 
supplementary  injection.  Therefore  the  frequency  band  of  control 
signals  is  small,  and  the  frequency  baad  of  the  system  of  monitoring 
equipment  also  could  be  small,  if  it  is  not  required  to  provide 
access  to  the  large  quantity  of  information  for  guaranteeing  the 
successful  launching/starting  of  tnis  new  machine.  The  large  part  of 
pilot  signals  is  connected  wich  the  pulse  nature  of  the  process  of 
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in  jec  tion. 

5-  Control  of  ths  sources  of  feed. 

Power  supplies  in  the  system  for  the  translation/conversion  of 
beam  are  equipped  with  digital-anal''?  converters  of  the  type  cf 
catenary  with  relay  changeover  j.dj.  Majority  of  them  has  the 
resolution  of  5  decimal  points  and  short-term  stability  about  2.  10"*6 
h**1:  th8ir  control  is  accomplisned/raalized  on  the  basis  in  parallel 
collected  information. 

The  basic  sources  ct  power  supply  of  each  ring  PNK  by 
full/total/complete  with  power  cf  o. 9  MW  are  equipped  with  the 
analogous  converter,  modified  witn  the  calculation  of  stepped  control 
instead  of  the  straight/direct  parallel  control. 

In  the  power  supplies  for  the  auxiliary  magnets  of  PNK  are 
utilized  digital-analog  converters  [9],  in  which  resistance  catenary 
is  equipped  with  semiconductor  switches.  In  the  control  system  is 
utilized  the  reversible  binary  counter  by  capacity/capacitance  12 
bits.  It  is  the  electronic  analog  of  potentiometer  with  the 
step-by-step  motor  as  the  drive. 


Control  channels  cr  the  sources  of  power  supply  of  different 
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types  ace  not  depend  ad.  In  parallel  entering  data  frets  95  supplies 
power  of  the  system  cf  the  tram  lation/c  cn version  of  beam  alternately 
are  supplied  to  the  converter.  The  f ull/total/comple te  setting  up  of 
currents  in  the  entire  line  of  tne  tr ans lat icn/conversion  of  beam  is 
accomplished/rea lized  by  a  computer  in  1-2  s. 


Page  248. 


The  tuning  of  tu.  sources  cf  power  supply  of  PNK,  the  need  for 
which  can  arise  in  the  presence  of  the  circulating  beam,  and  which 
frequently  requires  thf  matched  change  m  the  seri8s/row  of  currents, 
it  is  reached  in  the  control  system  with  the  computer  with  the  aid  of 
a  320-  channel  pulse  generator  1 0  J  and  binary  multiplier  with  the 
distributed  time,  that  ensure  tne  independent,  frequencies  for  all 
channels  in  the  range  0-  255  Hz.  Control  is  accomplished/realized  with 
the  aid  of  the  table,  calculateu  oy  computer  each  second  and  by  that 
storing  in  small  ZU  on  the  magnetic  cores.  Supplementary  manual 
control  is  limited  by  the  slow  and  rapid  adjusting  of  two  power 
supplies  simultaneously. 


The  programs  of  installation  of  the  modes/ conditions  of  power 
supplies  are  constructed  in  suen  a  way  that  is  provided  the 
indication  of  the  conditions,  whin,  blocfc  the  execution  of  command, 
for  this  our  pose  all  sources  are  connes’ted  with  the  digital 
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interrogating  unit  for  tha  checking  of  their  state. 

6.  Observation  of  bean. 

Rings  and  channels  cn  oeam  transfer  ar9  equipped  with  HF 
electrostatic  electrodes  fee  measuring  the  orbital  parameters.  These 
electrodes  are  connected  jy  tan  circuit  of  coaxial  cables  with  the 
switches,  which  makes  it  possible  to  derive  signals  from  two  of  any 
pairs  of  electrodes  to  tha  broadband  oscilloscopes  in  the  console 
[11],  This  system  makes  it  possiole  to  observe  the  structure  of 
clusters  and  a  change  in  the  oroital  parameters. 

In  addition  to  this  oroadbaaa  system,  which  makes  it  possible  to 
observe  readings  of  one  _  two  acmtors;  it  is  provided  for  the 
system  of  processing  sagna  s  £1/],  which  transmits  in  the  narrow 
frequency  band  on  the  ccsputers  the  information,  from  which 
simultaneously  are  extracted  data  for  all  52  measuring  electrodes 
rings.  Is  possible  two  regimes  or  the  work:  the  measurement  of  the 
orbital  parameters  on  any  one  revolution  immediately  after  injection 
(in  the  limits  of  ten  revolutions)  and  the  measurement  of  the 
parameters  of  the  closed  omit  witn  the  higher  precision/accuracy 
after  the  dephasing  cf  cetaxron  oscillations.  For  processing  of 
signals  from  translaticn/convemion  system  of  bundle  are  used  the 
entreated  devices/equipment  for  calculating  the  orbital  parameters  in 
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cna  orbit.  Very  character  or  these  calculations,  in  combination  with 
the  errors  for  calibration  and  tne  drift  of  electronics,  requires  use 
for  calculating  the  position  of  the  beam  precisely  TsVM,  if  results 
it  is  proposed  to  utilize  for  tne  immediate  orbit  trim.  It  is 
planned/glided  to  construct  tne  display  unit  cn  the  cathode-ray 
tubes,  which  will  give  the  image  of  orbit  in  two  projections  and  the 
press/printing  its  parameters. 

The  results,  obtained  up  to  new,  shew  that  at  intensity  1012 
protons  per  pulse  the  precision/accuracy  of  measuring  in  the  channel 
of  the  translaticn/ccn version  or  oeam  will  be  «— 0.5  am. 

7.  the  inspection  o£  vacuum  system. 

Vacuum  system  of  FSK  is  very  extended  [13],  contains  an  enormous 
number  of  pumps  and  vacuum  mancieters.  Polecat  it  does  not  require 
the  frequent  operations/processes  of  control,  it  is  necessary  to 
ensure  regular  control  fer  the  purpose  of  the  timely  detection  of 
failures  and  checking  ci  the  general  state  of  vacuum. 

TsVM  is  utilized  for  guaranteeing  the  operator  with  the  almost 
entire  necessary  information.  Complex  problem  is  the  operation  of  the 
vacuum  gauge  of  Bayard  -Alpart  witn  the  modulated  supply  with  the 
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8.  Conclusion. 

The  problems,  stated  on  the  first  phase  of  construction  PNK,  are 
very  diverse.  By  computers  it  is  utilized  for  installation  of 
modes/conditions,  for  the  hign-speed  indication  of  results  on  the 
real  scale  of  time  and  for  the  recording  of  data  when  there  is  a  hope 
to  set  the  more  effective  metaod  of  their  use.  In  this  region  there 
are  great  possibilities  cf  rurthwr  development,  in  particular, 
development  of  cybernetic  mstnods  cf  control  by  machine  and  the 
guarantee  of  aid  to  physicists.  The  ways  of  this  development  will 
depend  on  the  experience,  acguired  on  the  first  pnase.  Results, 
obtained  up  to  now,  very  heartening.  The  author  must  note  the 
productive  efforst  of  ail  colleagues  of  the  subdivision  of  automation 
and  aid  and  support  frca  side  of  many  other  colleagues  of  division  of 
PNK. 
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Discussion. 


S.  A.  Heifetz.  What  principle  is  laid  as  the  basis  of  your  control 
system:  the  principle  ct  tne  maintenance  of  the  prescribed/assigned 
values  of  the  parameter*  cr  cne  principle  of  the  optimization  of  the 
parameters#  i.e.,  the  seercn  of  the  best  solution  in  this  situation? 


P.  (Jolstenkhol’m.  We  have  two  rings#  injection  in  which  is 
acconrJ.ished  during  the  half-nour.  All  parameters,  which  ensure  the 
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circulating  beams,  must  have  hign  stability  during  entire  time  of 
experimentation  (24  hours).  To  this  was  made  special  detent.  3y  the 
task  of  the  optimization  of  pcocesses  we  did  not  thus  far  yet  deal. 
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169.  Automatic  complex  rcr  control  of  the  model  of  cybernetic 
accel erator. 

V.  Ye.  Abadzhidi,  N .  I.  Andr.,  us  ncnenko-Lutsenko,  G.  I.  Batskikh,  A. 
A.  Basil*  yev,  Yu.  S.  Ivanov,  N .  K ,  Kaminskiy,  V.  H.  Kudin,  A.  A. 
Kuz'min,  Yu.  S.  Kuz'min,  H.  I.  Kuz'mina,  V.  A.  Nironos. 

(Radio  engineering  institute  of  the  AS  USSR)  . 

Advance  all  to  the  high  energies  of  the  accelerated  particles 
necessitated  the  develop ing/processinq  of  proton  synchrotrons  to 
hundred,  and  in  the  future  also  to  thousands  of  GeV  [1-4].  The 
tendency  to  decrease  the  cost/vaiue  of  the  circular  accelerators  by 
the  superhigh  energies  irto  hundred  and  thousands  of  GeV  led  to  the 
idea  of  the  construction  or  small-aperture  cybernetic  accelerators 
[6-8],  steering  of  oeam  in  «nich  is  accoaplished/realiced  with  the 
aid  of  the  control  computers. 


For  gaining  of  the  experience  of  development  and  construction  of 
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cybernetic  accelerators  in  the  radio  engineering  institute  of  the  AS 
USSR  is  created  the  model  of  cybernetic  accelerator  [9]  -  the 
small-aperture  cybernetic  proton  strong- focusing  synchrotron,  which 
has  th8  mean  diameter  cf  17  a. 
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The  test  of  experimental  vorxs  for  the  model  of  cybernetic 
accelerator  showed  that  particle  acceleration  in  the  small-aperture 
accelerator,  and  similar  it  is  possible  to  call  the  accelerator,  in 
which  the  mixings  of  beam  as  a  result  of  errors  in  the  magnetic  field 
are  the  values  of  the  order  of  toe  aperture  of  vacuum  chamber,  it  is 
connected  with  a  whole  series  oi  special  features/peculiarities. 

If  we  briefly  descrioe  these  special  features/peculiarities, 
then  it  is  possible  to  say  that  ali  effects,  including  usually 
considering  secondary,  connected  with  the  baas  displacement  from  the 
axis/axle  of  chamber /camera,  under  the  effect  of  the  various  kinds  of 
the  changing  in  the  time  disturnances/pa rturbations  acquire 
considerably  greater  sharpness,  ana  the  adjustment  of  the  separate 
modes  of  operation  of  an  accelerator- process  of  injection,  the 
mode/conditions  of  the  tirst  revolution  cf  transition  from  the 
mode/conditions  of  the  first  revolution  to  the  node/conditions  of 
circulation  -  it  requires  considerably  larger  thoroughness,  which 
cannot  be  carried  out  without  the  use  of  UEVM. 
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To  us  it  seems  that  in  spina  of  the  increasing  spread/scope  cf 
mathematical  simulation  win n  the  aid  of  computers,  the  experimental 
final  adjustment  of  the  aigontnms  of  control  on  the  model  of 
cybernetic  accelerator,  t.ia  jiving  possibility  to  correctly  and 
convincingly  consider  the  actual  conditions  for  the  work  of  the 
complex  of  equipment  tcgetner  with  beam  of  accelerated  particles, 
will  allow  henceforth  tc  outain  important  data,  necessary  for 
development  and  starting/ launching  of  the  pro jected/designed  and 
planned  accelerators  for  tna  suparnigh  anerg.  in  which  it  is 
proposed  to  widely  use  the  metnods  of  the  automatic  control  (see  also 
[9  -  12,  14,  15]). 

At  present  for  the  control  of  the  model  of  cybernetic 
accelerator  it  is  utilized  JEVa  cf  the  type  "Dnepr”,  connected  with 
the  equipment  for  accelerator  with  the  aid  of  electronics  of 
connection/communicaticn.  In  prtceding/pravious  work  [17]  were 
described  some  algorithms  of  the  adjustment  of  beam  in  the 
accelerator.  In  the  present  worn  is  described  the  block  diagram  of 
the  projected/designed  automatic  complex  of  the  model  of  the 
cybernetic  accelerator  whicn  it  is  planned  to  construct  on  the  basis 
two  OEVM  "Dnepr"  with  the  accumuiators/storage  on  the  magnetic  tapes, 
moreover  it  is  provided  for  tne  possibility  of  the  exchange  cf 
information  with  the  computers  " BEsa-6",  and  also  works  on  the 
creation  of  the  compos ite/co mpound  algorithm,  which  permits 
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imple mention  of  an  adjustment  or  the  position  of  beam  from  the 
injection  to  the  acceleration. 

The  block  diagraa  of  tne  pro ject ed/designed  automatic  complex 
for  the  control  of  the  mcaei  of  cyoernatic  accelerator  is  represented 
in  Fig.  1.  Into  automatic  complex  enter  two  control  computers 
"Dnepr- 1"  (UEVN- 1  and  UEVtf-x)  and  universal  digital  computer  3ESd-6 
(computers).  Directly  control  and  direction  of  the  modas/conditions 
of  work  of  the  accelerator  accomplish/realize  the  machines  "DaTeDr", 
which  work  in  parallel.  Discr ete/digital  and  analog  input  and  output 
units  of  both  machines  througa  c he  switching  devicas/equipment  are 
connected  to  different  elaments/cells  of  equipment  for  accelerator. 
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Pig.  1,  Block  diagram  ci  aurcmatic  complex  for  the  control  of  the 
model  of  cybernetic  accelerator. 

Key:  (1).  Amplifiers.  (2).  Swxtcmng  devices/equipment.  (3). 
Discreta/digital  and  analog  input  and  output  units  of  computers.  (4) . 
Switching  circuit. 

Page  250. 

To  UEVM  these  units  also  are  connected  through  the  switching  circuit 
so  that  any  IJEVM  can  wcrk  witn  any  input  and  output  units.  During 
this  construction  of  the  control  s/sten  in  the  case  of  breakdown  of 
one  of  the  machines  another  can  partially  take  the  execution  of  its 
function  for  itself.  In  the  process  of  the  work  through  the  special 
device/equipment  UEVH  they  are  excnanged  between  themselves 
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information.  The  synch rcnizatiOii  of  computer  operation  with  the  work 
of  the  accelerator  in  the  tame  is  accoaplished/realized  through  the 
channels  of  interruption  by  signals  of  the  timer  device/equipment  of 
control  system  by  the  processes  of  accelerator. 

Algorithm  of  the  wcr*  of  entire  automatic  complex  is  determined 
by  general  routine  -  discatcnar,  placed  in  working  storage  one  of  the 
machines  "Dni^pr".  All  prograns  on  completion  of  the  separate 
operations/processes  of  control  and  direction  are  stored  in  the 
accuaulator/storage  on  tne  magnetic  tape  (NHL)  and  are 
transferred/translated  into  the  working  storage  of  (JEVN  as  needed. 
UEVM  can  turn  to  any  of  two  NflL.  Tae  information,  obtained  from  the 
accelerator,  is  preliminarily  wcc/ced  by  machines  "Dnepr"  and  is 
introduced  in  NML,  whence  periodically,  if  necessary,  it  can  be 
transferred  to  the  machine  Bf.Sh-o  for  more  full  treatment. 

In  last  two  years  cn  the  model  of  cybernetic  accelerator 
conducted  experimental  work  on  the  creation  of  the  algorithms  of 
control  and  control  of  the  separate  working  processes  in  the 
accelerator,  which  subsequently  must  enter  as  composite/compound 
component  parts  into  the  general  routine  of  the  work  of  automatic 
complex. 


The  general/common/totai  algorithm  of  control  and  control  of 
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cybernetic  accelerator  encompasses  the  algorithm  of  position  control 
of  baas  in  the  modas/conditxons  of  the  first  revolution,  circulation 
and  accelerations,  and  also  algorithm  of  the  functional  inspection  of 
the  basic  systems  of  accelerator  (Fig.  2). 

Tha  composita/compo  una  algorithm  of  the  control  of  position  of 
beam  in  the  aod9/conditicns  of  tha  first  revolution  in  turn,  switches 
on  in  itself  the  algorithms  of  the  setting  up  of  the  value  of  the 
magnetic  intensity,  which  corresponds  to  energy  of  beam,  selection  of 
the  optimum  conditions  ror  the  introduction/input  of  beam  and 
adjustment  of  the  divergences  of  beam  from  the  axis/axle  of  vacuum 
chamber,  caused  by  an  azimuthax  error  in  the  magnetic  field. 

Before  the  adjustment  of  the  divergences  of  baaa  in  the 
mode/conditions  of  the  first  revolution  the  initial  conditions  for 
tha  introduction/input  of  oeam  into  the  accelerator  preliminarily  are 
established  manually  sc  tnat  the  divergences  of  beam,  measured 
according  to  tha  established/iastalled  along  the  accelerator 
fluorescing  screens,  would  he  mini  urn. 

Time  of  execution  cf  the  algorithm  of  the  adjustment  of  the 
divergences  of  beam  from  the  axis/axle  of  chamber /camera  10-15  min. 


After  the  adjustment  of  the  divergences  of  beam  from  the 
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axis/axle  of  chamber/camera  on  the  first  revolution  is  fulfilled  into 
the  moda/conditions  cf  circulation  the  automatic  refinement  of  the 
initial  conditions  for  the  intrcauction/input  of  bea*  from  readings 
of  the  device/equipment,  whicu  records  a  difference  in  the  positions 
of  beam  with  the  first  and  second  revolutions  at  two  initial  points 
of  ring,  spread  on  the  perimeter  to  1/4  lengths  of  betatron 
oscillations.  Algorithm  accomplishes/realizes  changes  with  the  aid  of 
the  correctors  of  positxci  and  angle  of  the  introduction/input  of 
team  from  the  ion  guide  into  tnt  accelerator  and  it  reduces  to  zero 
differences  in  readings  cf  these  sensors;  those  measuring  the 
divergence  of  beam  on  the  nrst  and  second  revolutions.  The  execution 
of  the  algorithm  of  the  control  of  the  initial  conditions  for  the 
introduction/input  of  team  occupies  4-5  min. 

After  the  refinement  of  initial  conditions  should  be  again 
carried  out  an  adjustment  of  tne  divergences  of  beam  from  the 
axis/axle  of  chamber /camera  in  the  mo^e/conditions  of  the  first 
revolution.  After  this  it  is  possible  to  transfer/translate 
accelerator  into  the  acde/conditions  of  circulation. 

During  the  circulation  it  is  possible  to  accomplish  the 
adjustment  of  the  divergences  of  ne am  from  the  aris/axle  of 
chaaber/caaera  both  in  the  moda/conditions  of  magnetostatic  field  and 
in  the  mode/conditions  with  the  growing  magnetic  field.  Measurement, 
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and  if  necessary  the  correction  of  the  divergences  of  beam  during  the 
circulation  in  the  mcde/conuitiocs  of  magnetostatic  field  is 
desirable  from  the  point  or  vie*  of  the  control  of  the 
preceding/previous  staqes  of  control.  The  correction  of  the 
divergences  of  beam  in  the  node/conditions  of  circulation  upon  the 
injection  in  the  growing  magnetic  field  allows,  furthermore,  to 
consider  the  errors  in  taa  magnetic  field,  which  appear  in  the 
growing  magnetic  field. 

For  controlling  the  divergences  during  the  circulation  were 
finished  two  algorithms.  In  one  or  them  was  determined  and 
automatically  was  estafclisned/mstalled  the  average/aean  relative  to 
the  boundaries  of  aperture,  position  of  beam.  In  this  case  as  the 
indicator  of  bundle  was  utilized  tae  sensor  of  the  intensity  of  beam 
current,  and  as  the  performing  systems  -  organized  in  "triplet" 
corrective  magnets  (20  pcs),  waich  make  it  possible  to  obtain  the 
shift  of  orbit  during  the  excitation  of  the  correctors,  who  belong  to 
one  "sets  of  three"  only  m  tne  limits  of  this  "set  of  three". 

Control  occupies  10-12  a in.  Prtcision/accur acy  of  control  -  0.5  mm. 

Another  algorithm  is  based  on  the  depression  of  the  dangerous 
azimuthal  harmonics  of  magnetic  fiald.  In  this  case  as  the  indicator 
of  bundle  is  utilized  the  sensor  of  the  intensity  of  beam  current, 
and  as  the  performing  system  -  system  of  the  corrective  magnets  which 
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Fig.  2.  Block  diagram  of  algontam  o£  the  control  of  orbit. 

say.  (1).  Preliminary  control  of  parameters  of  tha  injection  of  beam. 
(2|.  control  of  intensity/stcangth  of  middle  magnetic  field.  (3). 
Control  of  orbit  in  mode/ccuditions  of  1st  revolution,  calculation  of 
average  divergence  of  emit  c.  14).  Comparison  C  to  allovances.  (5). 
Transition  for  circulation  precise  control  of  parameters  of  injection 
difference  in  its  divergences  on  1-ohm  and  tha  2nd 
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revolutions.  (6) .  Control  or  equilibrium  orbit  in  aode/coaditions  of 
circulation.  {7) .  Control  of  orbit  in  acceleration  mode. 

Page  251. 

For  orbital  correction  maneuver  in  acceleration  mode  to  the 
corrective  magnets  with  tne  aiu  of  UVM  "Dnepr"  are  put  out  the 
currents,  which  have  piecewise-lmear  fora.  For  this  the  step 
voltages,  generated  by  (JVM,  are  converted  into  the  linearly  changing 
current  by  the  smoothing  operational  amplifiers.  Broken  curves  have 
to  eight  sections  with  different  siope/transconductance . 

The  search  of  optimum  currents  is  conducted 
consecutively/sarially  cn  tne  sections.  As  the  criterion  of  optimum 
character  in  each  section  is  selected  the  minimum  of  a  decrease  in 
the  intensity  of  beam  in  this  section. 

It  is  possible  to  correct  the  zero  harmonic  of  magnetic  field, 
for  which  to  all  correcting  magnets  are  put  out  the  currents  with  the 
identical  slope/transccnuactauce.  Optimum  inclination/slope  in  this 
section  is  selected  by  the  method  of  change  from  the  cycle  to  the 
cycle  of  the  slope/transconductance  of  the  build-up  of  current. 

For  the  adjustment  of  azimuthal  errors  the  currents  into  the 
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corrective  magnets  are  put  out  rfitu  such  inclinations/slopes  so  as  in 
accordance  with  the  position  of  the  correctors  on  the  ring  of 
accelerator  to  reproduce  one  of  the  dangerous  three-dimensional/space 
harmonics  with  the  amplitude,  wnich  grows  in  the  time.  Changing  the 
phase  of  harmonic  and  the  rate  cf  the  increase  of  its  amplitude,  find 
the  optimum  values  of  these  parameters  consecutively/serially  for 
6th,  7th  and  5th  harmonics. 

Besides  the  descrioed  aera  algorithms,  are  realized  the 
algorithms  for  the  functional  inspection  of  the  series/row  of  the 
systems  of  accelerator. 

The  authors  express  gratitude  to  academician  A.  L.  Mints,  Cand. 
of  tech,  sciences  A.  I.  Dzergach,  Candidate  of  Technical  Sciences.  To 
N.  L.  Sosenskiy,  Yu.  A.  Vasinoy,  G.  I.  Klenov  and  other  colleagues  of 
radio  engineering  institute,  ana  also  to  colleagues  of  the  department 
of  electronic  computers  HFTI,  whicn  participated  in  the  discussion  of 
the  described  above  works, 
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Discussion . 


S.  A.  Heifetz.  Say,  if  you  please,  which  scope  of  the  program  of 
correction  on  the  harmonics? 


Yu.  S.  Kuz'min.  This  is  one  of  the  shortest  programs;  it  occupies 
about  700  storage  cells. 
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170.  Correction  of  the  nonlinear  aagnetic  distortions  of  proton 
synchrotron  with  the  aia  of  tae  coiiiputars. 

G.  V.  /Efimov, YE.  B.  Liubimov,  o.  A.  Obraztsov,  7.  I.  Savvateyeva,  N. 
L.  Sosenskiy. 

(Hadio  engineering  institute  of  tna  AS  0SS8)  . 

1.  Introduction. 

The  development  of  tacanoiogy  of  proton  synchrotrons  is  at 
present  characterized  by  explicit  tendency  toward  the  amplification 
of  the  requirements,  presented  to  the  aagnetic  field  of  accelerator. 
This  is  connected,  first  of  all,  with  the  tendency  toward  an  increase 
in  the  ratio  of  the  eaittance  of  tne  injected  beam  to  the  admittance 
cf  accelerator.  Apparently,  tnis  tendency  even  more  will  be  enforced 
with  the  introduction  into  the  accelerative  technique  of  the 
superconducting  coil  electromagnets,  in  which  is  very  high  the 
cost/value  of  the  unit  vcluae  of  a  precise  magnetic  field. 
Furthermore,  special  requirements  for  the  precision/accuracy  of 
magnetic  field  appear  *itn  tae  realization  of  the  various  kinds  of 
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the  special  inodes/conditions  of  work  of  the  accelerator,  such,  for 
example,  as  the  passage  cf  some  resonances  in  the  process  of 
acceleration,  connected  with  the  high  intensity  of  beam,  and  slow 
conclusion/output.  In  connection  with  this  should  be  expected  the 
amplification  of  the  rcle  or  the  systems  of  the  correction  of 
magnetic  field  both  in  tha  existing  accelerators  in  proportion  to  an 
increase  in  their  intensity  ana  m  the  accelerators  of  the  near 
future.  In  this  case  to  be  restricted  to  the  correction  only  of  the 
dipole  components  of  the  fields  which  determine  the  closed  orbit, 
apparently,  no  longer  be  managed. 

Tha  complexity  of  the  correction  of  arbitrary  (among  othar 
things  nonlinear)  magnetic  distortions  of  accelerator  is  determined, 
first  of  all,  by  a  larce  numoer  of  parameters,  which  characterize  the 
corrective  field.  Most  ceascnaoly  this  task  can  be  solved  with  the 
use  of  the  computer,  whicn  works  together  with  the  accelerator  in 
accordance  with  the  special  algorithm. 

Recently  in  the  radio  engineering  institute  of  the  AS  USSR  were 
conducted  works  [  1  ]  on  the  creation  of  this  type  of  system..  The 
developed  algorithms  are  fairly  complicated;  therefore  their  initial 
•investigation  was  carried  out  oy  the  method  of  simulation  on 
computers.  In  the  report  is  briefly  described  the  system  of  the 
correcting  lenses  of  the  accelerator  RTI  of  the  AS  USSR,  are 
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presented  the  basic  ideas,  whicn  lie  at  the  basis  of  the  algorithm  of 
correction,  and  are  also  given  seme  results  of  simulation  on  the 
computers  BESM-6. 


2.  System  of  correction. 


System  is  intended  for  the  creation  of  the  azimuthal  harmonics 
of  dipole,  quadrupole,  seztupoie,  and  octupole  components  of  magnetic 
field.  The  system  of  the  correction  of  accelerator  (Pig.  1)  consists 
cf  20  multipolar  lenses,  in  eacn  ot  which  can  be  created  any 
combination  from  the  muitipoles.  The  formation  of  the  necessary 
azimuthal  harmonics  provides  JV h  "Dnepr". 


|  4 


3.  Algorithm. 


Let  the  cycle  of  acceleration  be  broken  into  the  series/row  of 
the  time  intervals,  for  each  of  which  the  corrective  field  of 
accelerator  is  determined  by  certain  quantity  of  parameters.  The 
result  of  the  work  of  tne  algorithm  of  correction  are  many  parameters 
of  the  corrective  field,  which  correspond  to  all  time  intervals.  In 
the  process  of  the  realization  of  the  algorithm  of  correction  into 
the  accelerator  is  injected  the  beam,  limited  on  the  current  density 
and  according  to  the  transverse  sizes/di mensiens.  Algorithm  utilizes 
the  information  against  the  motions  of  beam,  which  is  determining  by 
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three  values:  by  frequencies  of  horizontal  and  vertical  betatron,  and 
also  by  interval  o£  the  existence  of  beam.  Latter/last  value  is  the 
time  interval  during  whica  the  transverse  divergence  of  the  part  of 
the  bean  does  not  exceed  tne  presctibed/assigned  value. 

The  algorithm  {see  Fig.  2)  is  the  sequence  of  the  stages,  for 
each  of  which  is  conducted  the  determination  of  the  parameters  of  the 
corrective  field,  which  correspond  to  one  of  the  time  intervals.  In 
each  stage  by  the  method  of  cnangina  the  frequencies  of  transverse 
vibrations  of  beam,  and  also  initial  conditions  of  its  injection  are 
consecutively/serially  created  resonance  conditions,  under  which  a 
basic  effect  on  the  motion  of  ueam  has  only  small  part  from  a  total 
number  of  azimuthal  harmonics  or  errors  in  the  field.  With  the  aid  of 
a  variation  in  the  ccr responding  azimuthal  harmonics  of  the 
corrective  field  is  conducted  the  maximization  of  the  interval  of 
existence.  If  a  consecutive  variation  in  all  azimuthal  harmonics, 
which  are  subject  to  correction  (one  iteration) ,  does  not  lead  to  the 
assigned  magnitude  of  tne  sum  or  the  intervals  of  existence  on  all 
resonances,  then  the  process  of  correction  is  repeated.  The  assigned 
magnitude  of  the  interval  of  existence  increases,  until  is 
achieved/reached  the  required  degree  of  correction. 

Pig.  3  gives  the  diagram  of  resonance  lines  on  the  plane  of 
frequencies  of  the  betatron,  on  which  as  an  example  &  te  shown  the 
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Pig.  1.  Bloclc  diagram  or  the  system  of  correction.  £  -  summing 
amplifier;  ni.../i20  -  correcting  lenses;  1,  2...  12  -  winding  of 

lenses;  j  -  order  of  xultipola  {j=0  -  dipole;  j=1  -  quadrupole;  j=2  - 
sextupole;  j  =  3  -  octupcie;  r  -  index,  which  is  determining  the 
attitude  of  multipole  (i=d  -  it  corresponds  to  angle  i>  between  the 
plane  of  the  zero  potential  of  multipole  and  the  horizontal  p.'ane 
equal  to  zero;  i=1  -  corresponds  to  the  angle  *,  equal  to  2(f hf )  • 

Go  mputers  -  control  computer  "Unepc'1. 


Page  253. 
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4.  Results  of  simulation. 

In  the  process  of  the  adjustment  of  algorithm  its  action  was 
investigated  for  the  case  wueu  errors  in  the  magnetic  field  of 
accelerator  are  determine  i  by  tna  simultaneously  present  two 
quadrupole  components,  wnicn  excite  parametric  and  sum  resonances. 
Both  components  were  the  uncorrelated  random  functions  of  azimuth. 
Root-mean-square  magnitudes  of  error  were  determined  by  the  values 
with  which  resonance  bands  do  act  exceed  value  0.02.  Simulation  was 
conducted  for  different  realizations  of  random  functions. 

The  process  of  correction  was  conducted  at  the  level  of 
injection  and  it  ceased,  wnen  resonance  bands  reached  value  on  the 
crder  of  0.001.  The  averaged  on  10  realizations  of  random  functions 
number  of  cycles  of  acceleration,  necessary  for  achievement  of  the 
required  degree  of  correction,  proved  to  be  equal  to  -40  that  it 
corresponds  to  the  time  of  order  2  min. 

The  developed  algorithm  gives  possibility,  wi-h  some  limitations 
to  carry  out  a  correction  of  the  random  errors  in  the  field,  which 
contain  the  set  of  multipole  components.  At  present  is  conducted  work 
on  the  improvement  of  algorithm. 

The  authors  hope  that  the  worx  ex^^-ience  with  this  system  of 


DOC  =  80069320 


PAGii 


correction  will  prove  tc  oe  usarul  not  only  for  an  improvement  in  the 
parameters  of  the  existing  accelerators,  but  especially  for  the 
future  accelerators  in  whicn  will  oe  utilized  the  superconducting 
coil  electromagnets. 
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Fig.  2.  Block  diagram  ct  the  algorithm  of  correction.  1  -  assignment 
of  stags;  2  -  assignment  of  the  interval  of  existence;  3  - 
establishment  of  resonance  conditions;  4  -  maximization  of  the 
interval  of  existence;  5  -  uetera-nation  of  the  sum  of  the  intervals 
of  existence  from  all  resonances;  6  -  determination  of  the 
sufficiency  of  the  degree  of  correction;  a)  a  next  variation  in  the 
harmonic;  b)  transition  to  tne  following  harmonic;  c)  transition  to 
the  following  iteration;  a)  an  increase  in  the  intervals  of 
existence;  e)  transition  to  the  following  stage. 
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Fig.  3.  The  follower  of  resonance  conditions  9*  -  frequency  of 

horizontal  and  vertical  betatron;  [Q]  -  whole  syllable  Q;  j  ~  order 
of  multipole  (j=0  -  dipcle;  j=1  -  quadrupole;  j=2  -  sextupole;  i  - 
index,  which  is  determining  tas  attitude  of  aultipole  (i=0  -  it 
corresponds  *=0;  i=1  -  corresponds  i  -  the  number  of  the 

azimuthal  harmonic  of  multipole;  pQxi-«Q2-x  -  equation  of  resonance 
line;  joptca)  -  coda  of  resonance  line  1,  2...  B  -  point; 
corresponding  to  rascnance  conditions;  0  -  the  operating  point  of 
accelerator. 
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171.  Measuring  system  of  the  parameters  of  the  electron  beam  of  the 
high-current  accelerator. 

Ye.  7,  Armenskiy,  A.  I.  Eorodulin,  7.  M.  Rybin. 

(Moscow  physical  engineering  institute)  . 

Linear  electron  accelerator  to  60  Me?,  developed  by  RAI  of  the 
AS  OS  SR,  is  a  six-section  macmne  with  a  length  of  30  a  with  the 
following  parameters  cf  puisa  electron  beam  at  the  output  of  the 
accelerator: 

maximum  energy  of  tne  accelerated  electrons  -  60  Me?; 

minimum  pulse  current  -  100  aA; 

maximum  pulse  current  -  3  A; 

the  pulse  duration  is  changed  in  the  limits  from  0.25  to  5.5  ms 

a  decrease  in  the  ai-ex/vertox  and  the  leading  impulse  front  of 
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beam  current  comprise  net  mora  tnaa  15c/o  respectively  from  amplitude 
and  pulse  duration; 

pulse  repetition  rate  of  ueam  current  in  the  operational 
conditions  is  changed  frem  50  tc  150  Hz  for  the  duration  of  pulses 
5.5  ijs  and  from  50  tc  1500  liz  for  the  duration  of  pulses  0.25  jjs.  In 
the  setup  mode/condi tiens  tne  frequency  of  sequence  comprises  with 
respect  5  and  10  Hz; 

the  diameter  of  beam  on  naif-decay  of  current  is  not  more  than  2 

cm. 

The  measuring  system  of  tne  parameters  of  beam,  developed  for 
this  accelerator,  permits  implemention  of  continuous  control  of 
current  and  position  of  team  xn  five  inter-section  gaps/intervals  and 
at  the  output  of  accelerator.  Tne  block  diagram  of  this  system  is 
shown  in  Fig.  1. 

Measuring  equipment  is  placed  in  the  special  struts  in  the 

console  hall  at  a  distance  of  50  m  from  the  accelerator.  Information 

from  the  current-sensing  devices  and  position  of  beam  comes  the 

cathode  followers  which  are  carried  out  on  the  diagram  with  the 

dynamic  load,  they  possess  high  ( ly) -linear  characteristics  in  the 

?  Uj 

range  of  amplitudes  to  10  am  j.  1  ]  and  make  it  possible  to  transfer  the 

A 
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pulse  signals  of  negative  polarity  by  the  lines  J 

connections/connnunicat icns  (coaxial  cables  of  the  type  RK  103-7-21  ] 

with  the  wave  impedance  cf  100  cnosi  to  the  struts  of  measurement  and  | 

i 

observation.  j 

f 

j 

As  the  current-sensing  devices  of  beam  are  utilized 

i 

magnetic-induction  sensors  [2-4],  which  with  the  work  in  the  : 

aperiodic  mode/conditions  give  the  possibility  not  only  to  measure 
the  beam  current,  but  also  to  observe  the  fora  of  the  current  pulses 
of  beam.  The  schematic  cf  currant-sensing  device  is  represented  in 
Fig.  2,  where  Wt  -  measuring  winding,  W2  -  winding  of  the 
calibrations  which  are  arranged/ located  on  the  ferrite  toroidal  core. 

For  obtaining  the  aperiodic  aode/conditions  of  the  work  of  sensor  it 
is  necessary  to  satisfy  the  condition  where  p  -  wave 

impedance  of  measuring  winding.  In  this  case  the  sensitivity  of  - 

current-sensing  device  and  virtually  can  reach  10  with  a 

decrease  in  the  apex/vertex  and  the  leading  impulse  front  of  exit 
voltage  it  is  less  than  lOo/o. 
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Fig.  1.  System  block  diagram  or  the  measurement  of  the  parameters  of 
the  electron  beam  of  linear  high-current  accelerator  on  60  MeV  HAI  of 
the  AS  USSR.  DT  -  current-sensing  devices  of  beam;  DP  -  beam-position 
sensors;  BP  -  units  of  cathode  followers;  SPP  -  rack  of  measurement 
of  beam  current;  SIT  -  racr  or  measurement  of  the  position  of  beam; 

SI  -  rack  of  the  observation  of  the  form  of  the  current  pulses  of 
beam;  SP  -  power  frame  ci  measuring  circuits. 


Fig.  2.  The  schematic  diagram  or  the  magnetic-induction 
currant-sensing  device  of  neaa  xn  -  the  pulse  tea*  current  of 
electrons;  Ik  -  pulse  current  of  calibration;  u  -  axit  cue  voltage  of 
current;  -  the  effective  resistance  of  load;  1  -  ferrite  toroidal 
core;  2  -  screen  and  protective  jacket. 

Page  255. 

The  winding  of  calibration  serves  for  the  adjustment,  the  functional 
test  and  calibration  of  entire  channel  of  the  measure*ent  of  beam 
current.  For  this  through  at  is  passed  the  pulse  current  of  known 
value  Ik  (fro*  the  special  pulse  generator  of  calibration),  which  is 
equivalent  to  passage  through  the  lapulser  of  beam  current  with  an 
amplitude  of  The  current-sensing  devices  of  beam  in  the 
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developed  system  have  tne  following  parameters:  outer  diameter  of 
toroidal  core  from  the  ferrite  3C00HM  with  magnetic  permeability  3000 
is  equal  to  95  mm,  internal  -  75  ma,  height  -  20  ma ;  Ml=50  turns, 
W2=15  turns  (coil/winding  uniform,  laad/duct  PEV  with  a  diameter  of  1 
mm) .  ?or  convenience  in  tne  measurement  the  range  of  the  measured 
currents  is  broken  intc  two:  the  first  -  with  the  liait  to  1.5  A,  by 
the  second  -  to  3  A.  The  selection  of  the  necessary  range  of 
measurement  is  accomplished/realizad  by  a  rsaote/distance  change  in 
the  effective  resistance  of  tne  load  of  sensor. 

In  the  first  range  cf  measurement  the  sensitivity  of 
current-sensing  device  is  equal  to  4  1/^  (  «Hi  =200  ohm)  ,  the  secondly 
-2  V/a  (  =100  ohm) . 

The  block  diagram  of  tne  channel  of  the  measuring  system  of  beam 
current  is  shown  in  Fig.  3.  From  tne  current-sensing  device  after 
cathode  follower,  after  passing  along  the  cable  line,  the  pulses  of 
the  voltages  which  in  term  anu  amplitude  correspond  to  the  current 
pulses  of  beam,  they  enter  the  measuring  circuit  of  the  pulse 
amplitude,  which  is  compensative  type  pulse  voltmeter  [5],  output  of 
which  is  a  dial  instrument  of  the  type  H4200.  Simultaneously  it  is 
possible  to  observe  the  form  of  the  current  pulses  of  frame  on  the 
oscilloscope  face  of  the  type  Cl- 20,  established/installed  in  the 
strut  of  observation  (SH) ,  in  any  of  six 
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controllable/controlled/mspectea  points  (by  choice  of  operator)  .  The 
control  unit  of  the  measuring  system  of  beam  current 
accomplishes/realizes  an  automatic  selection  cf  the  ranges  of  the 
measurement  of  current,  provides  cae  independence  of  the  work  of  the 
measuring  circuit  of  the  pulse  amplitude  from  the  recurrence 
frequency  of  the  current  pulses  cf  the  beam  (for  this  is  utilized 
signal  from  the  tiaer  ci  accelerator)  and  it  makes  it  possible  to 
produce  the  calibration  cf  channel  with  the  aid  of  the  pulse 
generator  of  calibration,  as  wnica  is  utilized  the  pulse  generator  of 
the  type  G5-15.  A  relative  error  cf  measurement  of  the  amplitude  of 
the  current  pulses  of  beam  after  adjustment  and  calibration  of  the 
channel  of  measurement  is  approximately  0.  5o/c,  absolute  error  ~5o/o. 
An  error  in  the  reproduction  cf  shape  of  the  current  pulses  of  beam 
lies/rests  within  liaits  of  5-10o/o. 


As  the  beam- posit  ion  sensors  are  also  used  magnetic- ind ucti on 
sensors  [2-7],  distinctive  special  featura/pecu liar ity  of  which  is 
the  presence  of  quadrature  winning.  The  schematic  of  this  sensor, 
which  makes  it  possible  to  conduct  the  measurement  of  the  position  of 
beam  relative  to  electron  conductor  on  one  coordinate  (on  the 
horizontal),  is  given  in  Fig.  4,  where  Wt  and  W2  -  concentrated 


windings  which  are  arrangea/locatad  on  ferrite  toroidal  core  1; 
moreover  one  of  then  depending  cm  the  position  of  the  contacts  of 
transfer  relay  short-circuited,  and  the  second  is  loaded  to  the  input 
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resistance  of  cathode  follower  (active  resistance  and 
capacity/capacitance  C1().  for  ootainmg  the  larger  sensitivity  the 

position  detector  works  m  the  oscillatory  mode /conditions ,  i.e., 

o 

Qh»  i  where  p  -  wave  impedance  of  the  nonshort-circuited  winding, 
and  dioda  D  separates/libaratas  the  first  half-wave  of  the  exit 
voltage  of  this  winding  wnose  amplitude  bears  information  about  the 
position  of  beam.  Position  detectors  have  the  following  parameters: 
cuter  diameter  of  toroidal  core  from  ferrite  3000  H M  with  magnetic 
permeability  3000  is  equal  to  95  am,  internal  -  75  mm,  height  -  15 
mm;  Wt=W2=10  turns  (winding  concentrated  and  they  are 
arranged/ located  symmetrically,  lead/duct  PEV  with  a  diameter  of  0,47 
mm).  With  one  quadrature  winding  tae  signal  amplitude  u,  which  enters 
from  the  second  winding  position  aetectors  the  cathode  follower,  can 
be  represented  as  follows; 

u-  Sj  ln+  SAtc  In  Ax  , 

where  rn  -  amplitude  of  tae  current  pulses  of  beam.  A; 

sr  -  sensitivity  of  position  detector  cn  the  current,  V/^; 

SAx”  sensitivity  of  position  detector  on  the  beam  displacement, 

V/„  •mm; 

Ax-  beam  displacement  relative  to  the  geometric  center  of  electron 


conductor,  m® 
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Pig.  3.  Fig.  4. 


Fig.  3.  Block  diagram  c£  channel  or!  measuring  system  of  beam  current. 
DT  -  current-sensing  device;  KP  -  cathode  follower;  SI  -  measuring 
circuit  of  the  amplitude  of  pulses  of  voltage;  BU  -  contrc*  unit  of 
the  measuring  system  of  team  current;  GIK  -  pulse  generator  of 
calibration;  SIT  -  strut  of  tne  measurement  of  beam  current. 

Key:  (1).  Signal  from  the  timer. 

Fig.  4.  Schematic  of  magnetic-induction  beam  position  detector.  *n  - 
pulse  electron  beam;  AX  -  beam  displacement;  u  -  exit  cue  voltage  of 
position  rh  -  the  effective  resistance  of  load;  c«  - 
capacity/capacitance  of  load;  D  -  diode,  which  releases  first 
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half-wave  of  exit  voltage;  1  -  ferrate  toroidal  core;  2  -  screen  and 
protective  jacket;  K?  -  cathoae  follower;  P  -  contacts  of  transfer 
relay  of  quadrature  winding. 

Page  256. 

For  the  developed  position  detectors  currant  sensitivity  st-  a  V/A' 
and  sensitivity  on  mixing  otu  Voltage  pulses,  which  come 

tine  cathode  follower  ft'-.a  position  detector,  have  funnel-shaped  fora, 
amplitude  to  10  the  duration  cr  approximately  0.25  us  (on  the 
fcasis/base) .  The  possibility  of  the  successive  closing/shorting 
shortly  of  the  windings  of  the  position  detector,  accomplished  by  an 
operator  by  hand  with  the  aid  of  tne  contacts  of  special  transfer 
relay,  makes  it  possible  to  fix/record  the  coincidence  of  the 
position  of  electron  beaa  witn  tne  geometric  canter  of  electron 
conductor  with  the  errcc  +—0,2  sc  with  the  beam  current  not  lass  than 
0.4  A  in  the  impulse/mcmentua/pulsa.  The  measurement  of  beaa 
displacements  on  another  coordinate  (along  vertical)  is 
accomplished/realized  by  tne  analogous  sensor  whose  windings  are 
arranged/located  along  the  vertical  axis/axle. 

The  system  block  diagram  of  tne  measurement  of  the  position  of 
beam  is  given  in  Fig.  5.  From  the  position  detectors  ( £n1s-  npx  and 
£nly- An^  after  cathode  followers  and  cable  lins  the  pulses  of  the 
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voltages  whose  amplitude  ueyenus  on  the  position  of  bean,  enter  the 
commutator  of  the  strut  of  ths  measurement  of  the  position  of  beam. 
The  commutator,  hand-operated,  gives  the  possibility  to  operator  by 
choice  to  take  the  measurement  of  the  position  of  beam  on  two 
coordinates  ("X"  and  "?")  simultaneously  in  one  of  six 
controllable/controlled/ inspected  points.  For  measuring  the  pulse 
amplitude  are  utilised  the  measuring  circuits,  analogous  to  the 
diagrams,  astabl.ishe d/icstailed  xn  the  channels  of  the  measurement  of 
beam  current.  At  the  output  or  measuring  circuits  are 
established/installed  tte  dial  instruments  of  the  type  M4200 
according  to  the  scale  cf  which,  taat  has  zero  in  the  middle,  is 
taken  a  reading  the  aacurt  of  beam  displacement.  In  the  system  is 
utilized  the  manual  compensation  for  readings  of  the  meters  cf  the 
position  of  beam,  which  depend  on  the  value  of  beam  current  (for  this 
serves  the  special  unit  cf  compensation) .  Furthermore,  in  the  system 
is  provided  for  the  calibration  they  are  measuring  circuits,  which  is 
accomplished/realized  periodically  by  an  operator.  For  this  is 
utilized  the  special  gauging  signal  (uk)  .  An  error  of  measurement  of 
the  position  of  beam  during  tae  periodic  calibration  of  measuring 
circuits  and  timely  compensation  or  with  the  direct  beam  current  is 
4—0.5  mm  with  the  beam  current  not  less  than  C.5  A  in  the 
im  pulse/momentum/pulse. 


Structurally/constructurally  the  current^sensing  devices  and 
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position  of  beam  at  each  coatrcllaole/controlled/inspected  point  ace 
united  and  have  common  screen  and  protective  housing-  Electron 
conductor  in  the  site  cf  installation  of  sensors  has  nonconducting 
gap/interval,  for  which  ace  sealed  in  special  ceramic  insets.  The 
setting  up  of  sensors  is  acccmpj.ished/real.ized  with  the  error  +-0.5 
nun  relative  to  the  geometric  center  of  electron  conductor. 
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Fig.  5.  System  block  diagram  or  the  measurement  of  the  position  of 
beam.  An«-j-An6X  -  beam- position  sensor  on  the  horizontal;  4n,v+nnay 
-  beam-position  sensors  cn  taa  vertical  line;  xn  -  cathode  followers; 
cu  -  measuring  circuit  of  the  amplitude  of  pulses  of  voltage;  3P  - 
unit  of  the  changeover  cf  quadrature  winding  of  sensors;  uk  - 
calibration  impulse/momentum/pulse ;  SIP  -  the  strut  of  the 
measurement  of  the  position  of  team.  Key:  (1).  Commutator-  (2).  Unit 
of  compensation.  (3) .  Signal  from  timer. 
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5.  K.  Johnson  et  al,  1961,  N1M,  14,  M  2,  p.  125. 

7.  L.  Dorikens  -  Van  Praet  et  al.  MIM,  1967,  17,  M  1,  p.  58. 


Discussion. 

F.  Farger.  Are  such  the  ranges  of  the  measurement  of  the  divergences 
of  beaa  in  the  horizontal  and  vertical  planes? 

A.  I.  Borodulin.  The  ranges  of  measurements  are  +- 5  am. 

F.  Pergar.  Which  the  bandwidth  of  the  display  of  the  position  of 
team? 

A.  I.  Borodulin.  The  bandwidth  makes  it  possible  to  measure  the  pulse 
durations  to  0.1  ps. 

G.  Kumpfert.  Are  such  the  limits  of  the  measurement  of  pulse  beam 
current  in  your  accelerator? 
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172.  System  foe  the  control  of  injection  in  7EPP-3  and  the 
synchronizations  of  the  elea9nts/cells  of  channel. 

V.  I.  Nifontov,  B.  n.  Fesiyak. 

(Institute  of  nuclear  physics  of  SO  AH  USSR). 

In  the  accelerative  complex '2LIT-3,  B-4,  7EPP-3,  where  the 
majority  of  elements/ceils  operate  on  a  pulsed  basis,  vital 
importance  has  the  synchronization  of  the  moments/torques  of  the 
starting/launching  of  the  working  nodes/units  of  complex.  The  basic 
task  cf  resolver  of  the  unit  of  preliminary  synchronization  lies  in 
the  fart  that  to  produce  the  ciaely  start  of  the  exhaust  magnets  of 
synchrotron  B-4,  rotary  magnets  and  lenses  of  channel  B-4  -  VEPP-3 
and  to  carry  out  control  of  issue  from  synchrotron  B-4  at  that 
moment/torqua  when  energy  of  rae  accelerated  particles  achieves 
rating  value.  In  the  de vice/eguipaent  is  provided  for  the  automatic 
tuning  of  time/teaporar y  delay  for  adjusting  of  the  register  of  the 
moment/torque  of  injection  with  tae  establishment  of  the  maximum 
values  of  pulse  magnetic  fields  in  the  elements/cells  of  channel.  The 
stability  of  the  energy  level  or  particles  at  the  moment  of  injection 
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is  checked  with  the  aid  or  me  unit  of  control  with  digital  reading. 
The  block  diagram  of  device/egmpaent  and  the  elucidating  time  graphs 
are  given  in  the  figure. 

Unit  of  the  solution. 

As  the  signal,  which  characterizes  energy  of  particles  in  B-4, 
is  selected  the  value  cf  the  accelerating  magnetic  field  in  the 
synchrotron.  Sensor  cf  magnetic  field  -  inductive  loop,  which  covers 
cne  of  the  quadrants  -of  accelerator.  The  voltage  from  the  sensor, 
proportional  dH/dt,  enters  precise  integrator  1  (Fig.  1).  output 
signal  from  the  integrator  through  scale  resistances  proceeds  with 
the  entrance  of  amplitude  comparator.  The  reference  voltage,  uon 
(Fig.  1.8)  proportional  to  energy  of  the  produced  particles,  is 
assigned  by  potentiometer  and  through  the  operational  amplifier  also 
enters  the  working  entrance  cf  comparator.  The  form  oi  pulse  field  in 
synchrotron  B-4  takes  the  fora  of  half  sinusoid  H (t ) =Husin«t . 
According  to  the  working  conditions  of  accelerative  complex  the  issue 
of  particles  occurs  cn  tie  rear  slope  of  pulse  field. 

With  the  coincidence  of  stress  level  on  the  integrator  with  the 
level  of  reference  voltage  is  f or aed/sha ped  the  output  signal,  which 
turns  of f /disconnect s  hign-f reguency  accelerating  voltage  on  the 
resonator  of  synchrotron,  from  this  point  on,  the  energy  of  the 


i 


DOC  =  30069320 


P  AG2 


accelerated  particles,  without  taKiag  into  account  losses  to  the 
synchrotron  radiation,  remains  constant  and  with  further  field  slope 
the  cluster  of  the  accelerated  particles  is  shifted/sheared  to  the 
external  wall  of  the  accelerative  chamber/caaera  where  is 
arranged/located  deflector.  Signal  to  the  inclusion  of  deflector  is 
formed/shaped  into  that  aoment/tor gue  when  is  satisfied  the  condition 


where  AH  -  field  change  from  the  cutoff  of  high  frequency  to  the 
moment/torque  of  issue;  H  -  field  value  at  the  ;utoff  of  high 
freauency;  R  -  working  radius  of  tne  equilibrium  orbit  of  synchrotron 
B-4;  AR  -  distance  on  the  cnamoer/camera  from  the  equilibrium  orbit 
to  the  center  of  deflector. 

Signal  for  the  inclusion/ccnnaction  of  deflector  is 
forraed/shaped  with  second  comparator  5  (Fig.  1) ,  where  a  change  in 
the  scales  of  the  addition  of  input  signals,  which  assign  a  necessary 
radius  of  issuing,  is  accoaplished/realized  by  stepped  changeover  of 
supplementary  resistance. 

For  the  specific  time  before  the  iapulse/moaentum/pulse  of  issue 
must  be  obtained  the  supplementary  control  signals  for  the 
preparation  of  exhaust  magnets  and  pulse  eleuents/cells  of  channel 
for  the  work.  The  time/temporary  interval  between  the 
impulse/momentum/pulse  cf  issue  and  the  supplementary  driving  pulses 
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mast  with  the  specific  precision/accuracy  remain  constant/invariable 
with  the  departure/attenrianca  ot  the  amplitude  of  accelerating  field 
cf  synchrotron  within  limits  (2-3)  o/o. 
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Fig.  1.  Block  diagram  and  time  graphs  of  control  system  by  injection 
in  VEPP-3.  1,  11  -  integrators;  2,  3  -  scale  units;  4  -  comparator  of 
the  disconnection  of  high  (ly) -scale  oscillator;  5  -  comparator  of  the 
issue  of  particles  from  B-4;  6  -  comparator  of  the 
inclusion/connection  of  the  exuaust  eleaents/cells  P-4;  7  - 
comparator  of  the  start  •*  ',ae  exuaust  element  s/cells  of  channel;  8  - 
amplifier  of  reference  voltage;  10  -  tuning  unit;  12  -  unit  of 
control;  13  -  scaler;  14  -  eiement/cell  of  channel;  u„  -  voltage, 
proportional  to  field  E-4;  uon>uon  *  reference  voltage;  ai  -  voltage, 
proportional  to  the  flccr/sex  B-4;  a2,  a3  voltage  for  the 
anticipating/leading  solution;  6  -  impul  ltum/pulse  of  the 

issue  of  particles  of  E-4;  c)  the  impulse/av-aentua/pulse  of  the 
disconnection  of  HF  oscillator;  d)  the  iapulse/nomentum/pulse  of  the 
inclu sion/connection  of  the  exhaust  eleaents/cells  B-4;  e)  the  field 
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of  the  exhaust  elements/ceils  3-4;  f)  -  the  reference  pulse  of  the 
start  of  the  element  s/cells  of  caannel;  g)  the  operating  pulse  of  the 
start  of  the  elements/celis  of  cnannel;  h  -  field  of  the  exhaust 
elements/cells  of  channel;  Atj  -  adjustable  time/tamporary  interval 
between  the  reference  and  operating  pulses;  At2  -  the  tiae  interval 
between  the  aoment/tor que  of  issue  and  the  maximum  of  the  field  of 
the  eleaents/cells  of  channel. 

Page  258. 

Such  control  signals  are  obtained  during  the  supplying  to  the  working 
outputs  of  comparators  o,  7  (Fig.  1)  the  signal  of  the  form 

U1  (t)  =*  Umsln  [cn(t+ Atj], 

i. e.  the  voltage,  which  anticipates/leads  the  voltage,  proportional 
to  accelerating  field  ct  syncnrctrcn  to  the  prescribed/assigned 
time/temporary  interval.  With  the  sinusoidal  form  of  field  U(t)«umsi.nwt 
this  voltage  can  be  obtained  oy  the  addition  of  function  itself  and 
first  derived  this  function  in  the  specific  scale  relationship/ratio. 
Actually/really,  in  the  expansion  cf  this  function  according  to 
Taylor  are  present  only  tae  members,  who  contain  sinut  and  cosut; 
therefore  in  signal  U*  (t)  =Umm  lsinut'HJmir.2coswt  is  sufficient  to  select 
coefficients  of  mt  and  a2  obtaining  the  prescribed/assigned  value 
At,  moreover  first  term  in  this  expression  is  obtained  from  the 
integrator,  and  second  -  is  direct  from  the  inductance  pickup  of 
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field.  Scale  factors  are  assigned  by  summing  resistances  in  the 
comparators.  Reference  vcitage  corresponds  to  voltage  on  the 
comparator  of  issue  u'on  (Fig.  1). 

Comparator  6  (Pig.  1)  is  utilized  for  the  control  of  the  exhaust 
elements/cells  3-4.  Comparator  7  (Fig.  1),  with  the  high  value  At 
controls  the  "long"  magnetic  eleoents/ce lis  cf  channel. 

The  decisive  unit  provides  the  precision/accuracy  of  joining  to 
the  energy  level  on  the  crder  of  5.10“*.  The  time/temporary  interval 
between  issue  and  inclusion/connection  of  the  exhaust  elements/cells 
3-4  is  stable  with  the  precision/accuracy  «— 10"*  s;  between  issue  and 
start  of  the  element  s/cel  Is  of  caannel  -  ■*—5.10”*  s.  Comparators  are 
constructed  on  the  basis  of  operating  accelerators  with  the  nonlinear 
feedback. 

Tuning  unit  10  (Fig.  1). 

In  the  system  of  the  preliminary  starting/launching  of  the 
elements/cells  of  channel  can  appear  large  error  due  to  the 
departure/attendance  of  the  parameters  (L  and  C) ,  which  are 
determining  the  duration  of  the  pulse  magnetic  fields  of  these 
elements/cells,  in  this  case  tne  issue  will  occur  not  accurately  at 
the  aper/vertex  and  the  quality  cf  the  transportation  of  the 
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accelerated  particles  sharply  deteriorates-  For  the  automatic  tuning 
of  system  according  to  this  sign/criterion  in  the  tuning  unit  is 
separated/liberated  the  impulse/acmentua/pulse,  which  coincides  with 
the  moment/torgue  of  the  peak  or  field  in  the  eleraent/cell  of  channel 
14  (Fig.  1)  and  with  its  depart ura/attendance  to  that  or  other  side 
relative  to  the  impu lse/soaentui/pulse  of  issue  tt  (Fig.  1)  is 
separated/liberated  the  corresponding  signal  to  the  reverse  counter. 
The  state  of  counter  is  convarted  into  the  analog  signal,  which 
corrects  the  starting  time  of  this  element/cell  of  channel  t2  (Fig. 

1)  .  In  the  dev ice/equip  sent  is  used  the  resolving  diagram  on  the 
dynistors,  bidirectional  counter  is  combined  with  the  register  of  the 
converter  of  code- analog,  and  as  the  time-assigning  eleaents/cells 
are  used  diode-  regenerative  comparators.  Discrete/ digital  stap/pitcn 
of  tuning  -  2.10~6  s.  Range  of  tuning  -  *-30.10~fc  s. 

Unit  of  control. 

For  the  operational  control  of  the  energy  level  of  issue  is 
developed  the  unit  of  control  by  12  (Fig.  1).  It  consists  of  a 
precise  integrator,  twc  keys/irencnes  and  comparator  with  the 
shapers-  At  the  cutoff  of  higu  freguency  on  the  integrator  is 
memorized  the  analog  signal,  proportional  to  energy  of  the 
accelerated  particles  anc  then  it  is  converted  into  the  time 
interval.  The  significant  figure  of  time  interval,,  obtained  on 
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deciaal  counter  13  (Fig.  1)  induces  to  scale  the  level  and  the 
stability  of  energy  cf  the  produced  particles.  An  error  in  the  unit 
cf  control  is  not  sore  than  10"*. 

Discussion. 

I.  P.  Karaoekov.  Which  tee  precision/accuracy  of  the  maintenance  of 
the  mutual  location  cf  s vucaionizing  pulses? 

V.  I.  Infontov.  The  precision/accuracy  of  tuning  in  the  time 
comprises:  for  the  long  eleoent/cell  •*  5  ps,  for  the  short 
element/cell  -  2  ps. 
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173.  Construction  of  ■‘■‘■•e  mathematical  model  of  synchrotron  to  1.5  GES 
and  investigations  on  the  model  c£  some  algorithms  of  control. 

E.  G.  Voronin,  V.  7.  Zakharov,  V.  A.  Xochegurov,  V.  I.  Naplekov,  N . 

M.  Filipenko,  V.  V.  Tsygankov. 

(Scientific  research  institute  cf  nuclear  physics,  electronics  and 
automation  with  by  Tomsk  polytechnic  institute) . 

At  present  there  was  determined  the  following  diagram  of 
conducting  of  experiment  with  tfaa  use  of  accelerators  (Fig.  1).  As 
can  be  seen  from  figure,  m  the  diagram  there  are  two  autonomous 
control  systems.  Problems  of  control  of  physical  experiment, 
processing  Physical  information  entering  on  the  computers  widely  are 
solved  in  all  physical  laboratories.  However,  they  are  solved  in  all 
physical  laboratories.  However,  important  role  in  the  experimentation 
on  the  accelerators  is  the  guarantee  o:  effective  control  in  the 
process  of  experiment  accelerator  itself.  Control  of  accelerator 
represents  very  complex  problem,  in  general  accelerator  can  be 
considered  as  certain  multiuarametric  dynamic  system,  which  is 
located  und^i  the  affect  cf  the  internal  and  external  perturbing 
forces  with  the  randcm  change  in  tne  time 
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where  y  -  vector  quantity,  which  cnaracterizes  the  parameters  of  the 
accelerated  beam  (intensity,  energy,  duration) ;  x  -  controlling 
parameters;  x0(t),  z(t)  -  the  random  uncontrollable  interferences, 
additive  with  x  and  y. 

Page  259. 


From  the  point  of  view  or  control  of  accelerator  there  is  the 
greatest  interest  in  the  creation  of  the  system,  which  ensures  the 
continuous  maintenance  of  the  maximum  value  of  intensity  with  the 
simultaneous  stabilizatica  of  energy  of  the  accelerated  beam.  For 
this  purpose  it  is  necessary,  first  of  all„  to  create  as  far  as 
possible  more  than  the  sensors  cf  information  about  the  state  of 
accelerator;  in  the.  second  place,  to  conduct  the  detailed 
investigation  of  accelerator  as  the  object  of  automatic  optimization 
since  the  effectiveness  cf  different  algorithms  of  the  search  of  the 
extremum  of  the  functions  of  many  variable/alternating  in  essence  is 
determined  by  the  type  cf  the  surface  of  the  function  of  response, 
limitations,  superimposed  on  tne  controlling  parameters  and,  etc. 


Are  examined  below  questions  cf  development  and  construction  of 
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the  mathematical.  model  of  synchrotron  to  1.5  GeV  TP  I,  and  also 
results  of  experimental  check  on  the  model  of  some  algorithms  of 
optimization. 


In  general  synchrotron  cu  1.5  GeV  can  be  presented  in  the  form 
of  the  block  diagram,  depicted  an  Pig.  2.  The  intensity  of  the 
accelerated  beam  in  the  synchrotron  in  essence  is  determined  by  its 
parameters  at  the  injection,  time  of  injection,  by  parameters  of 
accelerating  voltage,  and  also  by  sizes/diaensicns  of  the  useful 
region,  in  which  occurs  tne  accumulation  and  particle  acceleration. 

In  connection  with  this  let  us  examine  beam  shaping  only  in  the 
mode/conditions  of  accumulation  (capture  during  the  first  stage  of 
injection)  and  in  the  initial  stage  of  acceleration 

(inclusion/connection  cf  HP  accelerating  voltage  and  capture  into  the 
acceleration)  .  Foe  the  particles,  injected  for  a  period  of  time  from 
t  to  t+dt,  condition  for  acceptance  during  the  first  stage  takes  the 
form: 


s  (**)  +  u  +  A  R , 

1 


(2) 


where  a<-fr<23tK,  k  =  1,2,  .  .  .  ;  ut  ~  half-dimension  of  operating  region;  AR 
-  compression  of  instantaneous  orbit  per  revolution  {miss)  ;  «(t>)  is 
considered  collision  either  witn  inflector  (s=0)  or  with  the  internal 
wall  of  chamber/camera  (s=st)  or  with  target  (s=32)  ;  p(0$  -  solution 


DOC  =  80069320 


of  the  differential  equation  of  the  bstatron  oscillations  of  the 
injected  particles  in  the  system,  connected  with  the  instantaneous 
orbit,  which  is  located  at  a  aistanca  of  u  from  the  internal  plate  of 
inflector.  For  the  particles  with  the  initial  conditions  p0-g+u, 
where  g  -  distance  from  tne  internal  plate  of  inflector  to  the 
particle,  and  for  the  case  of  tee  linear  equation  of  betatron 
oscillations  taking  into  account  tne  distortions  of  the  closed  orbit 


expression  for  the  boundaries  of  tne  region  of  the  initial  parameters 
of  the  injected  beam,  which  satisfy  inequality  (2),  will  be  written: 


Q  ('$')  - -  - -  j  .  ^  --  _ *  i _ <fQ  ] 

COS 4  1-rt  [l  (1-n)  fTiij' 

O'  -  ZS,  - - -  x 

"i 

>'(6k3tni,0+ai(cosi,^)  +  ai-u-2:  — ^ -  , 

J  l  U-n)-tl 


where  a  -  the  right  side  of  inequality  (2);  -  coefficients  of 


the  harmonics  of  the  distorted  orbit;  y  -  angle  of  injection. 


Let  us  introduce  the  designation  of  the  ainiaua  region  between 
the  plates  of  inflector,  from  which  is  feasible  the  capture  during 
the  first  stage  of  the  injection: 

<3a(u,r)*9o’  (4) 

where  g0  -  distance  between  the  plates  of  inflector. 

Then  during  the  even  distribution  of  the  injected  particles 
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according  to  u  and  ^  particle  charge,  seized  during  the  first  stage 
of  injection,  can  be  determined  frcm  the  expression: 

&  ;ji  '}.(u^) 


«i- 


p  , 
9.“.<Vr,)Jij 

4i  0 


(5) 


where  Q0  -  the  net  charge  of  tne  injected  particles  into  the 
chamber/caaera;  (  y^-y,)  -  angular  scatter  of  beam. 

From  (2) -  (4)  it  fellows  that  0i  is  the  function  of  the  currents 
of  the  corrections  of  ertit  (®tA)*n»AR.  of  aoments/torgues  of 
injection  (t^)  and  the  inclusicn/connection  of  HF  field  ^rv),  since  the 
range  of  integration  for  u  xs  linearly  connected  with  ^  and  xv  . 

The  charge,  seized  into  the  acceleration  talcing  into  account  two 
stages  of  injection,  can  oe  presented  in  the  fora  [  1  ]: 


Q^- 


- - Ha - Sai£a  , 

9o  ui4omoa;  (*i~  3^)  g1 
:{i  ‘>2  ’T1'11  j  u,-u 

:  f  f  iu»-< -io*0 )  p  .j 

l  ?.  .J .  J  ffu 


(6) 


<1 

ri  (ioi  1^1 

(u,y) 
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,  j  d^dudycly0dr 
3 -v(«.jo 

where  “  azimuthal  size/axsension  of  separatrix;  yt  -  radial 

size/diaensiou  of  sepacatrix ;  AEmax  ~  energy  scatter 

t*  \\-n)  Cmoj 

of  beam. 
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Fig.  1.  Diagram  of  exper imentatioa  on  the  accelerator.  1  ~  control  of 
accelerator;  2  -  accelerator;  3  -  experimental  installation;  4  - 
detectors;  5  -  accum ulator/storaye ;  6  -  processing;  7  -  output  of 
results;  8  -  control  of  experiment. 


cMrj,  2,  31ock  diagram  of  synchrotron  1  -  correction  of  magnetic 
field;  2  -  injection;  3  -  injection  channel;  -  inflector;  5  -  1st 
injection  stare;  6  -  2nd  injection  stage;  7  -  acceleration  stage. 


/£>?<* 
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The  order  of  integration  in  (5)  can  be  decreased,  if  to  utilize 
a  property  of  the  piecewise  linearity  of  function  q(u,jg« 

Fig.  3  depicts  dependence  fZ(r=0)=d1/aQ  on  a  and  AQ.  Fig.  4  shows 
capture  region  (4)  ,  also,  in  Fig.  5  admittance  of  synchrotron  for 
different  moments  of  time.  Calculation  according  to  formula  (5) 
showed  that  for  the  beam  with  tne  angular  scatter  the  character  of 
extrema  was  expressed  ret  sc/such  not  sharply. 

As  first  approximation  it  was  approximated  by  plane,  which 

made  it  possible  to  obtain  r. roa  expression  (6)  the  ma  hematical  model 
cf  capture  where  *, x2 ~tv,*3~AE,^~Aur0  , 


x5  ~  Ap  ,  Aur,, 
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-  drift  of  the  initial  frequency  ox  the  accelerating  HP  field;  Ap  - 
loss  of  operating  region  due  tc  orbit  distortion.  Daring  this 
function  was  conducted  the  investigation  of  the  algorithms  of  the 
search  of  extremum. 

Were  compared  two  search  circuits  of  maximum  u(x), ■a>(x1,...x5)  - 
fastest  descent  [2]  and  ranaom  search  [3],  In  the  diagram  of  the 
fastest  descent  were  used  taree  methods  of  calculating  the  gradient 
motion:  the  simple  gradient,  calculated  as  usual,  by  the  method  of 
difference  quotient  3(x)  to  the  interval  of  variations  5*  of  certain 
variable/alternating  cck,  statistical  gradient  and  integral  gradient 
whose  calculation  formulas  taxe  tne  form: 


—  6?  +  5m-' — L-f-i- 


where  m=  1,2,  .  .  -  component  cf  the  vector  of  gradient;  -  its 

approxiaation/approach ,  wnich  is  obtained  on  the  m-th  iteration; 

^  ,t*i,(ak,pw>-  interval,  in  which  were  observed  signs  of 
vector  x  and  corresponding  to  tnea  values 


Index  t>  marked  the  values  of  functions  T(x),  k- 
variable/alternating  of  whicn  will  hit  interval  (au,ak+dk),  by  index 
s  of  values  T  (x)  ,  which  nave  xke(pk-<3k, p^),  where  PhZ21i<  +n  *n  to 
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a  total  number  of  observations  r  (x).  With  t>10  the  components  of 
gradient  direction,  calculated  according  to  these  formulas,  are 
estimated  with  the  errcr,  smallest  in  the  sense  of  linear  orthogonal 
planning/gliding  [4], 

The  algorithms  of  search  were  compared  on  model  T  (x)  under 
conditions  of  the  interxerencas  wnich  ware  superimposed  both  on  the 
entrance  and  on  the  output,  as  tne  interference  was  assigned  the 
normally  distributed  random  variable  whose  level  was  varied  from  zero 
■to  the  values,  3  times  whica  exceed  value  of  T(x)  in  the 
modulus/module. 

As  a  result  of  experiments  it  was  explained  that  the 
hypersurf  aces  of  the  level  of  model  taite  the  "ravine*1  fora.  Essential 
variabla/alternating ,  search  on  which  is  especially 
hindered/hamperad,  they  are:  xt  -  change  in  the  moment/torque  of 
injection;  x2  -  change  in  the  aomeat/torque  of  including  of  the  HF 
field;  x3  -  drift  of  energy  of  injection. 

As  a  result  of  this  form  of  the  function  T(x)  most  effective 
proved  to  be  the  method  of  random  search.  The  accumulating 
interferences  only  increased  interruption/discontinuity  in  the 
effectiveness  between  the  method  of  the  random  search  and  the  method 
cf  steepest  descent.  In  tms  case  even  refinement  of  the  components 
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of  the  sector  -  gradient  according  to  formulas  (7)  did  not  lead  to 
the  substantial  improvement  an  tne  diagram  of  the  fastest  descent. 
Thus,  during  200  observations  T(x)  method  of  steepest  descent  gave 
4.5  times  the  smaller  value  of  intensity,  and  recommended  as  to 
optimum  point  was  located  10  rimes  further  frets  the  true  point  of 
maximum,  rather  than  ccr responding  data  of  the  method  of  the  random 
search.  In  this  case  on  tne  entrance  was  superimposed  the 
interference  with  the  dispersion,  equal  to  0.01,  which  at  initial 
point  composed  appro xi irately/axe  ap  larily  1/3  from  the  value  of 
entrances,  and  in  the  final  stage  of  search  2-3  times  it  exceeded  the 


values  of  entrances 
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Page  261. 

174.  Measurement  of  the  omittance  of  bean  with  the  aid  of  the 
computers  "Dnepr". 

G.  P.  Ivanova,  V.  7.  Kucasov. 

(Radio  engineering  institute  of  the  AS  USSR)  . 

Por  the  realization  of  the  optimum  mode /conditions  of  the 
injection  of  beam  into  tte  chamber/camera  of  the  model  of  cybernetic 
accelerator  to  the  energy  1  CeV  it  is  proposed  to  produce  wiring  the 
bundle  through  ion  guide  and  agreement  of  the  phase  volume  of  the 
injected  beam  with  the  acceptance  of  accelerator  automatically  with 
the  aid  of  computers  "Dnepr",  l'he  process  of  optimization  is  broken 
into  two  stages.  First  ccmputer  measures  the  parameters  of  beam  at 
output  from  the  injectcr  and  according  tc  them  calculates  the  nominal 
rating  of  the  work  of  the  focusing  and  corrective  eleaents/cells  of 
the  channel  of  transportation,  and  then  from  the  information  about 
the  value  of  betatron  cscillaticns  and  about  the  position  of  orbit  in 
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accelerator  chamber  optittizas  the  calculated  mode/conditions.  As  the 
first  stage  of  these  wcrks  vas  realized  the  automatic  measurement  of 
the  omittance  of  beam  at  output  of  injector  with  the  aid  of  the 
computers  "Dnepr**.  For  measuring  tne  eaittance  is  utilized  the  method 
of  two  slots  [1].  3y  tJe  first  slot  is  cut  out  the  part  of  the  beam, 
which  corresponds  to  the  specific  value  of  Cartesian  coordinate,  and 
then  with  the  aid  of  the  second  slot,  parallel  to  the  first,  and 
induction  current-sensing  oevice  is  measured  the  width  of  the  cut  out 
part  of  the  beam  and  density  uistribution  of  current.  Knowing  the 
distance  between  the  slots,  it  is  possible  to  determine  the  angular 
separation  of  beam.  The  block  diagram  of  system  for  the  automatic 
measurement  of  eraittance  is  depicted  in  Fig,  1.  Horizontal  1.3  and 
vertical  slots  2.4  have  a  wiatn  r,  1.5,  1.5  and  1  mm  respectively. 
Control  of  the  displacement/mo veaent  of  slots  is 

accomplished/realized  with  the  aid  of  de vices/equipment  9-12.  With 
the  displacement/movement  or  slot  on  0. 1  mm  these  devices/oquipment 
develop  the  impu lse/mcmentum/pulse,  which  enters  the  analog  input  of 
USO.  By  means  of  the  counting  of  these  pulses  of  computers  it 
determines  they  conducted  no  the  rank  of  the  displacement/ movement  of 
slot.  Selection  and  inc lusicn/connection  of  slot  for  the  motion  with 
the  specific  step  in  any  direction  are  conducted  on  the  commands  with 
the  aid  of  the  induction  current-sensing  devices  5  and  6.  The  range 
of  the  measurement  of  current  from  1  pA  to  5  mA  is  divided  into  3 
sub-ranges.  The  selecticr  of  necessary  sub-range  and  the  connection 
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of  current-sansing  device  are  conducted  with  th-?  aid  of  decoder  8, 
controlled  by  commands  with  the  ccaputars  through  the  unit  R,  and 
also  with  the  aid  of  diagram  1,  controlled  through  the  unit  A.  jfith 
the  equality  beam  current  to  reference  signal  diagram  7  develops  the 
im pulse /momen tum/pulse ,  which  sneers  the  channel  of  the  system  of 
interruption  SP.  13  -  decoder  tor  including  cne  of  four  slots;  UVX  - 
control  computer  ''Dnepr'1;  Ali  UU  -  arithmetic  unit  and  control  unit; 
PZU  -  passive  memory  unit;  OZU  -  core  storage. 
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Fig.  1.  System  block  diagram  io r  measuring  the  emittance. 

P  0.0^  <3.^* 

The  algoritha  of  the  aeasuceuent  of  eaittance  consists  of  two 
parts.  First  part  -  algoritha  or  tae  determination  cf  boundaries  of 
beam  (Pig.  2)  .  This  algorithm  is  auxiliary  for  the  algorithm  of  the 
direct  measurement  of  eaittance  (Fig.  3)  and  makes  it  possible  to 
determine  interval  and  boundaries  of  the  movement  of  slots  in  the 
process  of  measurement.  The  preliminary  determination  c  £  beam 
boundaries  considerably  shortens  the  time  of  the  measurement  of 
emittance.  Entire  algoritnm  is  constructed  so  that  the  work  in  the 
basic  building  blocks  cf  program  occurs  in  the  interval  between  two 
adjacent  iapulses/momenta/puises  cf  the  movement  of  slot,  and  results 


w*. ; 
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are  printed  in  parallel  witn  me  measurement.  The  current  of  the  cut 
cut  part  of  the  beam  is  measured  only  in  that  part  of  the 
chaaber/camera  whera  there  is  a  ream. 

The  request  of  curr ent-sensmg  devices  is  synchronized  with  the 
impulses/momenta/pulses  of  injector,  and  the  results  of  measurement 
are  averaged.  This  allowed  to  oring  the  lower  limit  of  measurement  to 
1  pA?  and  thereby  to  raise  the  accuracy  of  the  measurement  of 
emittance. 

At  present  the  results  of  measurements  are  derived/concluded  to 
the  press/printing  in  the  fora,  convenient  for  graphing.  Fig.  4  shows 
the  phase  portraits  of  team  at  output  of  injector  in  the  horizontal 
(X,  X1)  and  the  vertical  (X,  Yl)  phase  planes,  obtained  with  the  aid 
of  the  computers  "Dnepr".  Coordinates  count  off  relative  to  center 
the  chambers/caneras  of  ion  guide.  The  lines  cf  the  identical 
current,  measured  in  pA,  show  density  distribution  of  particles  on 
the  phase  plane.  As  can  be  seen  from  figure,  in  the  measurement  plane 
the  center  of  beam  has  small  coordinate  and  angular  displacement 
relative  to  the  axis/axle  of  the  cnaaber/caaera  of  ion  guide, 
furthermore,  beam  has  large  angular  separation  in  the  vertical  plane. 

At  present  is  conducted  work  cn  automatic  processing  of  the 
results  of  measurement  and  calculating  the  nominal  rating  of  the  work 
of  the  channel  of  trans portation. 
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Fig.  2,  Block  diagram  ct  taa  algorithm  of  the  deteraination  of  beaa 
boundaries.  1  -  selection  of  the  number  of  slot  and  dispatching  of 
initial  data;  2  -  disconnection  of  slot:  3  -  subroutine  for  recording 
the  position  of  slot;  4  -  sunroutine  for  the  determination  of  the 
presence  of  beam;  5  -  detar minat ion  of  the  aoment/torgue  of  the 
disappearance  of  beam;  6  -  deteraination  of  the  onset  of  a  beam;  7, 

10  -  disconnection  of  slot;  B  -  subroutine  for  the  measurement  of 
beaa  current;  9  -  press/ printing  the  value  of  current  at  the  control 
point,  vernier  of  control  point  and  the  dispatching  of  the  vernier  of 
control  point  for  the  storage  into  the  memory;  11  -  press/printing 
baam  boundaries,  analysis  the  number  of  the  moved  slot;  12  - 
determination  of  the  interval  of  the  movement  of  slots. 
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Fig.  3.  The  block  diagram  of  tne  algorithm  of  the  measurement  of  the 
eraittanca:  13  -  dispatching  of  initial  data  into  the  working  cells  • 
OZU ;  14  -  start  of  currant-sensing  device  5  {Fig.  1);  15  - 
inclusion/connection  of  the  slot,  which  is  determining  coordinate; 

16,  23  -  subroutine  for  recording  the  position  of  slot;  17  - 
measurement  at  the  control  points,  press/printing  of  the  result  of 
measurement,  analysis  ox  the  displacemant/movement  of  slot;  18,  29, 
32,  35  -  disconnection  cf  slot;  19  -  disconnection  of  current-sensing 
device  5  (Fig.  1) ;  20  -  press/printing  the  vernier  of  the  position  of 
the  slot:  (Fig.  1) ;  21  -  start  of  current-sensing  device  6  (Pig.  1) ; 
22  -  inclusion/connect icn  of  the  slot,  which  is  determining  angle;  24 
-  subroutine  for  the  determination  of  the  presence  of  beam;  25  - 
determination  of  the  aciraat/tor  gue  of  tha  disappearance  of  beam;  26  - 
determination  of  the  onset  of  a  beam;  27  -  analysis  of  the  step/pitch 
of  the  displacement/mo veaent  of  slot;  28  -  checking  the  presence  of 
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beam;  30  -  subroutine  foe  tta  measurement  of  beam  current;  3  1  - 
determination  of  angle;  33  -  disconnection  of  current-sensing  device 
6  (Fig.  1) ;  34  -  prass/printiny  rasults  and  preparation  for  the  next 
cycle  of  measurements;  3b  -  press/printing  the  sign/criterion  of  the 
termination  of  the  measurement  of  emittance;  37  -  stop  of  program. 

Key:  ( 1)  .  from. 
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Fig.  4.  Results  of  measuring  cut  quittance  of  beam  at  output  of  the 
injector  of  the  model  ct  cybernetic  accelerator  to  the  energy  1  GeV 

Key:  ( 1)  .  mrad. 
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175.  New  systems  of  radio  electronics  and  control  of  proton 
synchrotron  IFVE. 

A.  A.  Vasil*  vev,  F.  A.  Vodop'yanov,  0.  S.  Gorchaxov,  A.  M.  Grishin, 

A.  I.  Dzergach,  Yu.  F.  Dusnia,  V.  V.  Yelyan,  Yu.  S.  Ivanov,  N.  K. 
Kaminskiy,  A.  A.  Kuz'min,  G.  F.  Senatorov. 

(Radio  engineering  institute  of  tna  AS  USSR). 

K,  F.  Gartsev,  Ye.  S.  Nalipovich,  V.  V.  Osip,  P.  T.  Pashkov,  V.  la. 
Pisaravsky,  I.  I.  Sulycin,  B.  K.  Shaabel',  K.  A.  Yakovlev. 

(Institute  of  high-energy  physics)  . 

V.  P.  Gerasim,  0.  A.  Gusev,  V.  A.  Titus,  V.  G.  Tsvetkov. 

(Scientific  research  institute  of  the  electrophysical  equipment  im. 

D.  V.  yEf remov) . 

An  increase  in  the  intensity  of  proton  synchrotron  by  the  energy 
70  GeV  to  5.10*3  by  netted  of  the  introduction  of  booster  [1] 
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requires  the  development  of  tne  new  systems  of  radio  electronics, 
control  and  monitoring  of  tne  beams  of  basic  synchrotron  and  booster, 
and  also  development  of  equipment  for  the  translation/conversion  of 
particles  from  the  booster  into  the  basic  synchrotron. 

In  the  present  report  are  given  the  results  of  the  preliminary 
development  of  the  systems  indicated. 

In  the  project  of  an  increase  in  intensity  [  1 ]  is  used  "rapid" 
booster.  This  fact  together  with  ethers  causes  the  series/row  of 
essential  differences  in  tne  described  systems  from  the  systems  of 
radio  electronics  of  the  proton  synchrotron  of  CERM , 
developed/processed  in  ccnnecricc  with  an  increase  in  its  intensity 
[2]. 

Accelerating  stations  of  basic  synchrotron. 

Acceleration  at  the  entranced  intensity  provide  those  existing  of 
54  accelerating  cavities  unaer  the  condition  of  increasing  the  power 
of  the  final  stages  freo  5  to  -15  xW.  Such  cascades /stages  can  be 
constructed  on  the  lamps  GU-36B1.  The  cascades/stages  of  preliminary 
amplification  it  is  expedient  to  remove  beyond  the  limits  of  the 
tunnel  of  accelerator.  For  reducing  the  power  of  the  signal  of  the 
excitation  of  the  final  stages  is  developed  the  reconstructed  in  the 
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range  of  frequencies  step-up  transformer,  connected  between  the  grid 
of  output  tube  and  the  caoia. 

Remaining  equipment  for  the  system  of  the  generation  of 
accelerating  field  of  basic  syncnrcrron  is  not  changed,  since  is 
provided  for  the  possibility  of  work  also  with  the  old  injector  to 
the  energy  100  fleV. 

System  of  radio  electronics  cr  Booster. 

Pig.  1  depicts  a  teaporar y/tiae  change  in  accelerating  voltage 
cf  booster  of  synchronous  phase  <j8,  frequency  of  revolution  of 
particles  f  and  rate  of  its  increase  s.  Por  the  particle  acceleration 
are  applied  10  accelerating  stations  two  of  which  stand-by. 

Special  feature/peculiarit y  of  acceleration  mode  of  booster  - 
low  level  of  its  accelerating  voltage  in  the  beginning  and  end/lead 
of  acceleration  *  45)  and  tne  respectively  small  supply  of 

*  min 

reactive  energy  in  tin  resonators  in  comparison  with  the  energy, 
selectad/taken  by  beam.  Under  these  conditions  stresses  by  beam  - 
insertion  reactance  and  induced  voltage  -  become  extremely  large.  In 
order  to  ensure  allowances  for  the  parameters  of  accelerating  field, 
it  is  necessary  to  take  measures  for  weakening  of  these  effects:  to 
introduce  negative  feedback  in  tfce  high  frequency  in  the  system  of 
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the  excitation  of  accelerating  vcicage  or  controiiad  symmetrical 
ntisphasing  of  resonators  wirn  rae  appropriate  increase  in  the 
amplitude  of  their  minimum  vcltage  10-15  times. 
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Pig.  1.  Change  in  the  tine  oi  tha  oasic  parameters  of 

Key:  (1).  MHz/s.  (2).  kV/rev.  (3).  MHz.  (4).  kW.  (5). 
kiloohm. 

Page  264. 


booster. 


os.  (6)  . 


For  weakening  of  requirements  for  the  control  systems  of  the 
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parameters  of  accelerating  fiela  it  is  expedient  to  introduce  into  l 

f. 

the  systems  tha  program  signals,  wnich  depend  on  the  intensity  of  [ 

| 

beam.  The  accelerating  uevice/e gaipment  is  intended  to  fulfill  m  the 
form  of  two  coaxial  cavities  wnica  work  in  the  antiphase  on  the 
general/coaaon/total  clearance  and  are  reconstructed  in  the  frequency 

< 

by  the  magnetic  biasing  cf  ferrate.  During  the  use  of  ferrite  of  the 

type  300  SNA,  the  lengths  of  resonator  -1.1  a  its 

capacity /capacitance ,  in  reference  to  the  clearance,  is  1850  pP. 

Tha  expected  tempor ary/time  cnange  in  the  parameters  of  this  1 

resonator:  quality  Q,  shunt  resistance  the  power  of  losses  Po  and 
power  pn,  selected/takec  uy  oeaa  of  particles,  it  is  shown  in  Fig.  j 

1b.  Dotted  lines  show  the  course  of  the  corresponding  curved  with  the  , 

dephased  supply  resonators  in  tna  beginning  and  end/lead  of  the  I 

acceleration. 

♦ 

The  system  block  diagram  or  the  generation  of  accelerating  field 
is  depicted  in  Pig.  2.  The  voltage  of  induction  coil  1  is  integrated  j 

i 

by  integrator  2,  which  modulates  the  frequency  of  master  oscillator  j 

3,  in  composition  of  which  is  contained  nonlinear  function  generator.  j 

In  polyphase  amplifier-distributer  4  is  contained  the  phase  smasher,  ; 

which  ensures  phase  displacement  cf  voltages  in  10  channels  on  22.5°.  j 

Sideband  amplifiers  6  and  final  stages  7  excite  resonators  8.  The  j 

programmer  of  amplitude  5  develops  control  voltage  for  changing  the 


amplitude  of  accelerating  fieiu. 

The  system  of  the  correction  of  frequency  on  the  beam  contains 
pick-up-electrode  9,  input  unit  10,  converter  11,  summator  of 
accelerating  voltages  1z,  amplitude  detector  13,  programmed  phase 
inverter  14,  phase  discriminator  1b  and  summing  amplifier  16.  It  is 
similar  to  the  analogous  system  cf  basic  synchrotron  3.  Supplementary 
block- programmed  phase  inverter  14  is  introduced  because  of  the  need 
of  changing  the  equilibrium  pnase  m  accordance  with  a  change  in  the 
rate  of  the  build-up/g^cwth  of  magnetic  field  and  amplitude  of 
accelerating  field  (Fig.  1)  . 

Control  system  by  booster. 

It  is  assumed  that  all  technical  functional  systems  of  booster 
(15  systems)  will  be  united  under  the  single  information-control 
diagram  into  which  will  enter  terminal  devices  with  the  local  panels 
(terminals),  the  line  cf  cr ,  junications,  the  central  assembly  of 
signals,  small  computer  and  central  control  panel.  The  total  number 
cf  informational  points  on  the  Dooster  (one  informational  poin'. 
two  bytes  of  information),  according  to  the  roughest  estimates,  t 
2000.  Humber  of  information  words  (2  bytes),  which  enter  eacn 
cn  the  ordar  of  200.  A  numoer  of  control  signals  will  not  exceec 
1000.  All  control  signals  (changes  in  the  settings  of  different 
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programmers)  will  be  put  out  during  the  nonoperative  section  of 
cycle.  The  synchronizaticn  of  the  work  of  computers  and  all  systems 
of  accelerator  will  be  accomplishea/realized  through  synchronizing 
circuit,  entering  the  diagram  of  control. 

Each  terminal,  as  a  rule,  will  service/maintain  one  functional 
system.  It  must  contain  the  signal-data  converters  of  different  fora 
into  the  code  (analog,  states,  time),  the  commutators,  encompass  the 
units  of  temporary/time  selection,  the  small  buffer  storage  (32-64 
bytes)  and  the  devices/eguipment,  which  make  it  possible  to  produce 
manual  control  and  collection  of  information,  passing  computers. 

Entire  technological  equipment  for  systems  must  have  the 
actuating  elements,  controlled  by  the  binary  code  (analog  code, 
code-shaft,  code-state). 

The  operating  speed  of  computers  is  not  less  than  20  thousand 
operations/s,  the  memory  is  not  less  8K  words,  external  ZU  on  NML  or 
disk.  Provision  is  aad€  for  connection/ccamunication  of  this  computer 
with  the  computers  of  higher  level.  Central  control  desk  must  contain 
display  to  CHT,  controlled  by  computers,  the  device/equipment  of  the 
independent  representation,  tne  unit  of  the  call  of  routines  and  the 
devices/equipment,  which  make  it  possible  to  request  information  and 
to  transfer  control  signals  with  the  adjustment  and  the  breakdown  of 
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corapu  ters. 

Ths  final  goal  of  automation  -  increase  in  the  reliability  of 
the  accelerating  complex  and  improvement  in  the  parameters  of  the 
accelerated  beam  (increase  in  intensity  and  stability  of  the 
parameters  of  beam) .  As  the  final  result  as  a  result  of  the 
consecutive  development  of  automatic  complex  it  is  proposed  to  carry 
out  the  necessary  cybernetiraticn  (in  the  plan/layout,  developed  with 
the  work  of  the^adio  Engineering  institute  of  the  AS  OSSR  [4]  and 
with  other  accelerative  canters  j.  5  ])  accelerative  complex. 
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Fig.  2.  Block  diagram  of  equipment  for  generation  and  regulating  of 
the  amplitude  of  accelerating  field  vith  the  control  system  for  beam. 

Dotted  lines  showed  control  signals. 

Timing  mechanism  of  the  trails  la  tion/con  version  of  beam  from  tha 
booster  into  the  basic  synchrotron. 


As  a  result  of  the  analysis  of  the  described  earlier  systems  of 
this  kind  [6-8]  and  study  ot  possible  versions  for  further  studying 
are  selected  two  of  them.  In  the  first  version  due  to  the  appropriate 
selection  of  the  length  ci  booster  the  frequency  of  revolution  of  its 
clusters  at  the  aoment/tcrgua  vnen  particle  momentum  reaches  the 
prescribed/assigned  value#  it  differs  on  af  relative  to  frequency 
■^Moc» ',h6r9  *3  "  harmonic  order  (30)  ,  f-oc  -  frequency  of  revolution  of 
particles  m  the  basic  synchrotron. 
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At  the  moment  of  passage  Af  tnrough  the  rating  value  the 
particle  momentum  differs  from  the  given  one  not  more  than  by  5. 10"4. 
Necessary  phase  displacement  between  the  clusters  and  accelerating 
voltage  of  the  basic  synchrotron,  to  which  cables  itself  the 
operation/process  of  tr ansiaticn/ccnversion,  it  is  determined  by  the 
moraen t/torque  when  voltage  with  frequency  Af  passes  for  the  first 
time  through  zero  after  the  acmeat/torque  of  the  comparison  of 
in  pulses/:- omenta/pulses. 

Page  265, 

In  the  second  version  the  master  oscillator  of  booster  with  the 
aid  of  the  phase  discrioinator  is  seized  in  the  frequency  by 
accelerating  voltage  of  basic  synchrotron  with  the  difference  in  the 
frequencies  Af,  which  does  not  call  the  dist urbance/brealcdown  of 
acceleration  mode  with  the  cuto ff /disconnect ion  of  control  for  beam. 
At  this  moment  the  amplitude  of  accelerating  voltage  is  raised  to 
maximally  possible  in  order  to  reduce  to  the  minimum  the  time  during 
which  phase  displacement  oetween  the  clusters  of  booster  and 
accelerating  voltage  of  the  basic  synchrotron  reaches  the 
prescribed/assigned  value,  with  which  is  accomplished/realized  the 
matched  translation/ con  version  of  particles. 


In  both  versions  is  possible  the  filling  of  separatrices  with 
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bunches  of  booster  in  the  pr =scz 1 bed /as signed  sequence. 

Monitoring  beams  in  booster  and  circuits  of  translation/conversion. 

Monitoring  system,  intended  for  the  indication  of  the  basic 
parameters  of  beam  (positron,  energy,  intensity,  profile/airfoil, 
eaittance,  scatter  alorg  the  impulse/momentum/pulse) ,  and  also 
distribution  of  losses  in  tne  sections  from  the  preinjector  to  the 
point  of  introduction/input  into  main  accelerator,  is  calculated  for 
the  operating  range  cf  intensity  5. 10 l0- 5. 10 

Besides  the  usual  screens  and  the  induction  sensors  the  system 
contains  combined  type  electrostatic  picfcups  for  the  simultaneous 
measurement  of  shift  d  two  planes  (x  and  z)  ,  placed  on  the  ring  of 
booster  in  the  aperture  cf  correcting  lenses,  and  also  ionizing 
profilometers,  placed  in  the  circuits  of  translation/conversion  also 
on  the  ring  of  booster.  Tne  continuous  measurement  of 
impulse/momentum/pulse  at  the  output  of  linear  accelerator  proposes 
to  use  phase-transit  method,  for  cne  indication  of  the  losses  of 
intensity  and  their  localization  is  provided  for  the  system  of 
monitors.  The  information,  put  out  by  monitoring  system,  is  converted 
to  the  fora,  convenient  for  the  automatic  collection  and  the 
processing  with  the  aid  cf  computers. 
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Pr ofilometer. 


Prof ilometer,  adjustad  on  rne  ring  of  mam  accelerator,  ionizing 
type  with  independent  cttaining  or  two  orthogonal  projections  of 
distribution  of  charge  in  cross  section  [9].  The  extraction  of  ionic 
image  is  accomplished/realized  with  the  aid  of  the  parallel 
electrical  and  magnetic  fields,  which  ensure  obtaining  resolution  1 
mm  under  conditions  of  the  nign  intensity  of  beam  [10].  Conversion  of 
image  into  the  visible  and  its  transmission  to  the  hall  of  control 
with  the  aid  of  the  luminescent  screens  and  the  television  equipment 
of  the  type  PTU  101  (on  one  to  each  projection).  The  time  of  scanning 
of  image  -  about  50  pS,  makes  it  possible  to  observe  the  image, 
averaged  on  several  revolutions. 
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FINAL  HORD. 

Chairman  of  organization  co.umitzee  academician  A.  L.  Mints. 

Respected  comrades,  associates,  ladies  and  gentlemen  ! 

3efore  coverage  of  the  II  All-Union  conference  on  charged 
particla  accelerators  and  oefora  saying  good-bye  to  you,  solve  to  me 
to  say  several  words  in  order  to  total  of  the  work,  dona  by 
conference. 

Took  place  12  sessicns  of  the  plenum  of  the  conferences,  at 
which  were  made  110  reports.  Furthermore ,  for  the  detailed  discussion 
cf  most  urgent/most  actual  tnemes  were  carried  out  seven  seminars. 

Began  we  the  work  cf  conference,  in  accordance  with  the  steady 
tradition,  from  the  posing  of  the  question,  that  expect  the 
theoretical  physicists  from  the  experiments,  conducted  on  the  charged 
particle  accelerators,  A  very  meaningful  and  interesting  report  on 
this  guestion  made  Dr.  A.  A.  Komar  at  the  first  session. 
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On  the  classical  acc-alerarors  with  the  fixed  target  and  the 
prospects  for  the  creation  of  cybernetic  proton  synchrotrons  to  the 
energy  into  hundred  and  tnousands  of  GeV  reported  Dr.  A.  A.  Vasil' yev 
on  behalf  of  the  colleagues  of  the  radio  engineering  institute  of  the 
AS  USSR. 

Should  be  especially  noted  extremely  interesting  and 
fu 11/total/complete  report  of  professor  R.  Nile  from  Stanford,  who 
expanded/developed  the  picture  of  the  state  of  works  on  SLAX  and 
outlined  path  of  his  modernization ,  and  also  about  experiment  of  the 
use/application  of  cryogenics  tc  tae  linear  electron  accelerators. 

Large  interest  called  tn<*  report  to  Dr.  Yu.  fi.  Ado  and  his 
colleagues  about  the  work  ct  proton  synchrotron  to  76  GeV, 
established/installed  near  Serpukhov.  This  greatest  in  the  world 
accelerator,  because  of  tae  timely  and  careful  preparation  for 
experiments,  made  possirle  of  ortaming  the  substantially  new 
results.  Moreover,  and  the  coefficient  of  the  use  of  time  for  the 
physical  experiments  proved  to  be  very  high,  it  which  indicates  the 
large  reliability  of  this  accelerator  as  a  whole  and  of  the  numerous 
systems,  entering  it. 

Me  it  was  especially  desiranle  to  note  that  in  addition  to  the 
Lenin  prize,  sentenced  during  April  1970  for  the  bases  of  the 
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development  of  this  accelerator ,  several  days  ago  our  government 
noted  by  two  state  prizes  tne  creation  of  the  largest  in  the  world 
proton  iinear  accelerator  -  injector  on  100  MeV  at  intensity  120  mA 
in  the  impulse/moBentumy pulse  ana  the  creation  of  the  injector 
complex  of  accelerator  -  its  electromagnet  with  system  of  supply, 
vacuum  system,  system  cf  radio  electronics,  general/coramon/total 
project  and  construction,  since  tne  majority  cf  the  laureates  of 
these  premiums  are  located  in  this  hall,  I  would  want  on  behalf  of 
cur  conference  to  warmly  congratulate  them  with  the  high 
acknowledgement  of  their  merits. 

Due  to  disease  of  academician  Budker  interesting  report  about 
experiments  in  electronic  cooling  read  his  colleague  R.  A,  Salimov. 

On  some  possibilities  of  accelerating  the  protons  in  the 
isochronal  cyclotron  reported  L.  A.  Sarkisyan, 

The  second  session  cf  conference  (chairman  of  the  corresponding 
member  of  the  AS  USSR  A.  A.  Naumov)  was  dedicated  to  the 
survey/coverage  of  the  state  of  t^e  accelerators  of  different  types, 
to  the  designs  of  new  cnes  and  reconstruction  of  the  acting 
installations. 

To  the  electronic  circular  accelerator  "DEZ1"  in  Hamburg  (FRG) 
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dedicated  his  comoun ication/repcrt  Dr.  G.  Kuapfert. 

On  the  project  of  continuous  uicrotron  on  behalf  of  the 
developers  of  this  project  reported  Dr.  V.  A.  Slobodyanyuk.  This 
microtron,  which  gives  the  dccexer ated  electrons  with  the  energy  12 
MeV  and  beam  current  1-2  mA  is  very  simple  on  the  device/equipment 
and  it  will  be  very  useful  for  studying  the  structure  of  atomic 
nucleus  and  for  the  investigations  in  radiation  physics. 

Dr.  E.  A.  Myaye  on  fcenalr  of  the  colleagues  of  the  number  of 
institutes  made  a  report  about  the  methods  and  the  project  of  an 
increase  in  the  intensity  of  the  oeams  of  particles  of  the  Serpukhov 
proton  synchrotron  due  tc  an  increase  in  the  energy  of  injection  and 
use/application  of  an  intermediate  booster  accelerator.  At  the 
special  seminar  under  the  aanageaeat/manual  by  the  corresponding 
tneaber  of  the  AS  USSR  A.  A.  Naumova  ware  exaained  different  aspects 
of  the  development  of  bccstsr  for  these  purposes.  The  series/row  of 
interesting  considerations  on  this  question  was  expressed  by 
professor  R.  Martin  (USA)  et  al. 

To  the  state  of  works  on  che  linear  electron  accelerator  to 
Sakle  (France)  dedicated  ois  meaningful  report  professor  P.  Netter. 
Accelerator  in  Sakle  relates  to  the  class  of  the  high-current 
accelerators  of  electrons  and  is  cnar  acterized  by  the  high  parameters 
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for  conducting  the  precision  experiments. 

G.  S.  Kazanskiy  in  his  communication/report  threw  light  on  some 
questions,  connected  with  the  translation/conversion  of  Dubna  proton 
synchrophasotron  into  the  acceleration  of  deuterons. 

The  third  session  (leader  Prof.  Ye.  G.  Komar)  was  dedicated  to 
direct  voltage  accelerators,  to  ionic  and  electronic  sources.  In  the 
reports  of  M.  A.  Abroyan,  B.  P.  Ad'yasevich,  V.  P.  Yakushev  and  A.  N. 
Serbinov,  Ye.  A.  Abramyan  and  5.  B.  Wasserman  et  al.  were  examined 
questions  of  obtaining  mteuse  ion  beams,  obtaining  of  the  polarized 
ions,  modes/conditions  or  higa-vcxtage  discharge  tubes,  and  also 
study  of  intensa  electron  beams.  On  these  reports  at  the  conference 
was  expanded/developed  the  lively  discussion. 

The  fourth  session  (leaaar  L»r.  N.  A.  flonoszon)  dedicated  its 
work  to  questions  of  the  development  of  the  electromagnets  of 
accelerators,  systems  of  their  supply  and  magnetic  measurements. 

Considerable  interest  generated  the  reports  of  professor  N.  A. 
Monoszon,  I.  P.  Karabekcv,  Yu.  R.  hazryadn,  V.  S.  Panasyuk,  B.  A. 
Baklakov.  The -comaun ication/repcrt  of  N.  I.  Doynikov  and  A.  S. 

Siaakov  was  devoted  to  the  mathematical  simulation  of 
three-dimensional  magnetostatic  fields. 
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The  fifth  session  (cauiraaa  Dr.  V.  P.  Sarantsev)  was  dedicated 
to  one  of  the  most  fashicnaole  questions  of  accelerative  science  -  to 
collective  methods  of  accsier ation.  Proposed  by  academician  V.  I.  ' 

Wexler  and  continued  by  Er.  V.  ?.  Sarantsev  method  of  the 
acceleration  of  the  electronic  ciug-carr iers  of  protons  during  the 
last  few  years  became  +ne  coject  of  close  attention  and  study  not 
only  in  the  USSR,  where  was  proposed  this  method,  but  also  in  the 
laboratories  of  USA  and  'western  Europe. 

Page  267. 

7.  P.  Sarantsev  maue  an  interesting  report  "collective  ion 
accelerator  -  the  new  instrument  in  physics  of  elementary  particles", 
in  which  he  described  about  its  latter/last  works.  ! 

A.  A.  Kolomenskiy  and  I.  I.  Logachev  gave  the  basic  conclusions 
of  developed  by  them  the  theory  of  the  acceleration  of  ions  by  the 
scanning  of  electron  beam. 

Very  meaningful  was  the  coomunication/report  of  Zh  »  Peterson 
{USA)  about  the  progras  Lawrence  laboratory  (Berkeley)  on  the 
accelerators  with  the  electron  rings.  This  report  generated  large 
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interest  and  so,  as  very  mtarasting  report,  of  Khaynts  about  the 
works  in  Karlsruhe  was  accompanied  by  the  numerous  illustrations 
whicn  showed  the  essential  advance  of  construction  of  both 
installations. 

Some  theoretical  considerations  about  the  synchrotron  radiation 
in  the  accelerator  of  electron  rings  and  about  the  resonances  of 
connection/coamunication  of  transverse  vibrations  of  two  circular 
beams  reported  K.  Pellegrini  (Frascati) ,  D,  G.  Koshkarev  and  P.  a. 
Zenkevich. 

Should  be  noted  ccmaunicaticas/reports  to  N.  G.  Anishchenko,  N. 
S.  Repalova,  I.  N.  Ivanov,  A.  S.  Sonch-Osmolcvskiy  and  C.  A. 
Yal'dnera,  connected  with  the  t  hematics  of  the  5th  session-  However, 
in  participants  in  the  session  remained  a  feeling  of  dissatisfar' ion, 
since  exchange  opinions  was  net  to  sufficiently  complete  ones. 
Therefore  organization  committee  accepted  proposition  to  continue 
discussion  at  the  specially  organized  seminar  which  takes  place  on  13 
November  this  year  under  V.  P.  Sarantsev's  aanagement/manual. 

The  sixth  session  (cnairaan  of  Prof.  ?.  A.  Vcdop'yanov)  was 
dedicated  to  the  most  important  theme  -  the  development  of 
."i  per  conducting  elements  of  accelerators. 
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The  vast  study  program  of  Rutaerford  laboratory  (England)  on  the 
creation  of  the  elements/celis  of  the  superconducting  synchrotron  was 
reported  by  N.  D.  Vest. 

Tha  analogous  programs,  wmch  are  conducted  in  France  (Sakle)  , 
were  reported  by  Dr.  G.  Bronx.  Comoiunicaticn/report  about  the  state 
of  investigations  in  Karlsruhe  (FRG)  on  the  superconducting  and 
cryogenic  magnets  for  tlii  syr.cnrotron  was  conducted  by  Dr.  V. 

Khaynts.  In  Karlsruhe  wvara  prepared  small  models  of  both  types. 

Very  interesting  report  was  conducted  by  Prof.  R.  L.  Martin 
(USA)  about  superconducting  nign-energys  accelerator.  Is  possible  the 
achievement  of  intensities  10*4-10IS  prot. /pulse.  In  front  is  in 
pr  pect  extensive  work,  but  in  the  case  cf  the  success  which  one 
ought  not  to  doubt,  views  on  the  advisable  ccnstruction/design  and  on 
the  projects  of  high-energy  accelerators  will  require  serious  review. 

A  series/row  of  Soviet  autnocs  (Yu.  P.  Batakov,  N .  I.  Do ynikov, 
A.  I,  Kostenko,  L.  I.  Greben'  and  Ye.  S.  Mironov  et  al.)  anncunc 
about  their  calculations  and  experiments,  connected  with  the  design 
cf  superconducting  elements  of  electromagnets  in  stationary  and 
pulsed  magnetic  fields  taking  into  account  the  losses  in  them. 

Sepor-is  at  tha  seventh  session  (chairman  Prof,  A.  A.  Kolomenskiy)  and 
eighth  sessions  (chairman  Dr.  D.  G.  Koshkarev)  were  dedicated  to 
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questions  of  particle  dynamics  in  the  accelerators,  the 
accumulators/storage  and  cne  installations  with  clashing  beams.  Here 
should  be  noted  the  repcLts  tc  V.  V.  Petrenko  on  behalf  of  the  group 
of  the  colleagues  of  FT1  of  AS  EJkSSR  about  the  longitudinal 
compression  of  clusters,  V.  A.  Teplyakov  about  the  system  of  the 
quadrupole  high-frequency  focusing  in  the  linear  ion  accelerators, 
during  the  use  by  which  it  is  possible  to  obtain  acceleration  and 
strong  focusing  of  ion  beams  m  tae  linear  accelerators  of  protons 
without  the  use  of  the  fccusing  magnetic  fields.  Are  found  the  simple 
forms  of  the  electrodes,  which  ensure  necessary  field  pattern  in  the 
interaction  region  with  the  neam.  Are  dismantled/salected  the  types 
of  the  resonators,  most  advantageous  for  this  system  of  focusing. 

To  questions  of  the  investigations  of  the  longitudinal 
instability  of  beam  in  the  accusuiator/storage  was  dedicated  A.  M. 
Shenderovich’s  report. 

E.  A.  flyaes  et  al.  (7.FVE)  reported  about  the  conducted 
investigations  on  the  passage  or  the  region  of  parametric  resonance 
on  the  Serpukhov  proton  synchrotron. 

To  the  studies  of  synchrotron  motion  in  the  presence  of  space 
charge  dedicated  his  ccmmunication/report  K.  Reich  (CERN) . 
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To  calculations  and  measure meats  of  connection/coamunication 
between  the  synchrotron  and  betatron  oscillations  in  the  electronic 
synchrotron  dedicated  very  interesting  coaraunication/report  N.  S. 
Krouli-Millin  (England). 

Considerable  interest  were  of  the  reports  of  G.  I.  Dimov  { USSR ) , 
B.  Tsotter  (C2RM)  ,  A.  A.  Koloaansxiy  and  A.  P.  Fatayev,  A.  I. 
Dzergach,  Ye.  L.  Kosarev,  B.  N.  Sidel'nikov,  Ya.  S.  Derbenev  et  al. 

Especially  should  be  noted  tne  interesting  report  of  M.  X. 

Barton  and  Ye.  K.  Haic  (USA)  about  the  instabilities  in  V.  h.  the 
system  of  Brookhaven  synchrotron,  caused  by  beam  load. 

The  series/row  of  reports  (B.  I.  Bondaryev,  v.  V.  Miller  et  al.) 
was  dedicated  to  the  use/application  of  computers  for  study  and 
simulation  of  the  depression  of  paase  oscillations  and  to  the 
investigations  of  the  alignment  procedure  of  work  of  the  accelerator. 

To  questions  of  particle  dynasties  it  was  devoted  so  many 
reports,  that  it  was  necessary  in  accordance  with  the  program  of  the 
work  of  conference  to  hear  them  in  two  sessions. 

IX  session  (chairsar.  Dr.  A.  A.  Kuz'min)  was  dedicated  to 
questions  of  radio  electronics  of  accelerators  and  to  measuring 
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systems  of  the  parameters  of  beam. 

Of  the  foreign  reports  it  is  necessary  to  note  the  large  and 
very  meaningful  report  ct  K.  D.  Johnsen  (CERN)  about  the  methods  of 
measuring  the  parameters  of  oeam.  Lecturer  introduced  participants  in 
the  conference  to  the  very  nca  material,  assembled  in  CERH  within 
the  time  of  the  operation  of  28  GeV  accelerators  of  protons. 

The  series/row  of  the  reports  of  the  Soviet  researchers  (L.  V. 
Reprintseva,  0.  A.  Gusev,  K.  A.  Sodovan,  V.  V.  Yelyan,  V.  A. 

Skuratov,  A,  N.  Didenkc  and  I.  P,  karabekova  at  al.)  was  dedicated  to 
general/common/total  questions  of  radio  electronics  of  accelerators, 
to  measuring  systems  of  the  parameters  of  beam  and  to  specially 
created  measuring  installations,  realized  on  the  Soviet  electron 
accelerators,  and  protcns. 

On  tenth  session  (chairman  Cc.  B,  P,  Hurin)  were  heard  the 
reports  to  A,  V.  flishchenno  cn  oebalf  of  the  colleagues  of  radio 
engineering  institute  about  the  project  of  linear  accelerator  on  38 
MeV  -  injector  of  the  future  oocster  of  Serpukhov  proton  synchrotron, 
Yu.  A.  Khlestkov  and  0.  A.  Val’dner  about  the  selection  of  the 
accelerating  system  in  the  waveguide  i  actions.  The  lively  discussion 
and  some  observations  caused  the  report  of  S.  A.  Heifetz  (Yerevan) 
about  the  selection  of  the  design  of  the  parameters  of  the 
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accelerating  system  of  the  electron  accelerator  on  50-100  GeV- 

Mas  of  interest  the  cotamumcation/report  of  F.  F.  Ferger  and  V. 
Shnell  (CE3N)  about  V.  h.  to  system  for  the  rings  with  the 
intersecting  beams.  This  report  is  especially  important  because  the 
unique  rings  in  CERN  are  found  already  in  the  starting/launching 
stage  and  obtained  the  first  aacouraging  results. 

Page  268. 

V.  il .  Pirozhenko  cn  oehaif  of  the  group  of  the  colleagues  of  the 
radio  engineering  institute  of  tee  AS  USSR  announced  about  the  new 
types  of  the  accelerating  structures,  which  are  very 
adequate/approach  for  the  largest  proton  linear  accelerators,  in 
particular,  for  meson- picducmgs  cyclotrcn. 

V.  M ,  Petrov  reported  about  tne  HF  system  of  ring  VEPP-3 
(Novosibirsk) ,  while  V.  L.  Etapanyuk  on  behalf  of  the  group  of  the 
colleagues  of  J.I.N.  R.  described  auout  the  works  on  the  creation  of 
new  debuncher  of  synchrophasotron  J.I.N.R.  with  modulation  of  energy 
of  the  accelerated  beam. 

Finally,  A.  I.  Kvasna,  A.  Y.  Mishchenko,  B.  p.  Murin,  3.  I. 
Polyakov  and  Yu.  S.  Cherkashin  reported  about  very  successful 
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experiments  on  the  compensation  roc  decreases  in  accelerating  field 
in  linak-in jector  of  Serpuknov  synchrotron  upon  the  acceleration  of 
intense  beams  to  100  mA.  The  sncwn  oscil lograras  convincingly 
testified  about  the  successful  solution  of  stated  problem. 

By  questions  about  tho  targets,  the  transportation  of  beams, 
their  input  and  output  was  occupied  the  eleventh  session  (chairman 
Prof.  L.  L.  Gol'din). 

To  the  conclusion/oucput  or.  tae  proton  beam  of  1  GeV  synchrotron 
cf  the  physiotechnical  institute  of  the  AS  USSR  was  devoted  the 
communication/report  of  G.  A.  Riaoov  et  al.  Were  disaantled/selected 
the  methods  of  calculation  of  maynetic  pipe,  was  described  its 
construction/design.  The  effectiveness  of  ccnclusion/output  achieved 
25o/o  with  divergence  of  0.  1°. 

V.  I.  Gridasov  reported  the  principles  cf  construction  and  the 
technical  special  features/peculiarities  of  the  system  of  the  rapid 
induction  of  the  accelerated  oeau  to  internal  targets,  which  is 
applied  on  the  Serpukhov  synchrotron. 

G.  V.  3adalyan  et  al.  the  colleagues  of  Yeravan  physical 
institute  in  its  coaounication/rapcrt  reported  about  the  method  of 
the  slow  conclusion/cuiput  of  electron  beam  from  the  synchrotron 
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"ASUS".  Were  given  the  parameters  of  emitted  beam  at  the  duration  of 
trace  2.5  ms.  The  communication/report  of  Prof.  Regenshtrayf 
(France) ,  made  partially  in  the  Russian  language,  was  devoted  to 
phase-space  acceptance  c £  tne  doublet,  comprised  of  the  guadrupoles. 
It  was  listened  with  the  consiaeraole  attention,  and  for  the  Russian 
part  of  the  report  tc  Prcf.  Regenshtrayf  it  was  rewarded  with 
applause  of  auditorium. 

Yu.  G.  Basargin  et  al.  reported  the  results  of  the  calculations 
of  the  longitudinal  and  transverse  aberrations  of  the  second  order 
for  2.4-meter  isochronal  cyclotron  of  IA2  im.  I.  7.  Kurchatov. 

The  communicaticn/report  of  d.  R.  Harold  (England)  was  devoted 
to  the  methods  of  beam  extraction  from  the  accelerator  of  NIdROD,  and 
in  the  ccmraunication/rep crt  of  Zh.  for  were  given  the  conditions  for 
existence  of  beam  during  the  resonance  processes  of  his 
conclusion/output  from  the  synchrotron. 

T.  A.  Vsevolozhskaya  on  oehali  of  the  group  of  the  colleagues 
academician  G.  I.  Budker  gave  the  diagram  of  obtaining  antiprotons  on 
the  installation,  intended  for  the  clashing  proton-anti  proton  beams 
in  Novosibirsk. 

Finally,  at  the  twelfth  final  session  (chairman  Dr.  A.  A. 
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7asil'yev)  were  examined  questions  of  control  and  direction  of 
accelerators  with  the  aid  of  computers.  On  the  automation  of 
Serpukhov  accelerator  announced  A.  A.  Kuz’min,  while  about  the 
automation  of  Kharkov  cf  2  GeV  electronic  linak  -  V.  I.  Kolosov.  On 
the  use/application  cf  computers  on  the  rings  of  C3SN  made  very 
interesting  communicaticn/report  ?.  Uol* stenkhol* a.  On  the  automatic 
complex  for  the  control  cf  the  mcdel  of  cybernetic  accelerator 
described  Yu.  S.  Kuz’min. 

The  appearance  of  these  ana  other  reports  on  the  thematics  of 
the  12th  session  for  the  first  time  so  representatively  began  to 
sound  at  our  conference. 

ay  final  survey/coveraye,  cf  course,  is  incomplete  and  I  please 
apology  in  the  lecturers  whose  names  I  did  not  mention.  This  does  not 
in  any  way  mean  that  tteic  reports  are  less  important  or 
uninterasting. 

Summing  up  the  results  of  our  conference,  I  would  want  to  note 
that  it  passed  successfully  and  fruitfully.  I  do  not  undertake  to 
confirm  that  the  most  valuaole  occurred  in  this  large  hall  or  seminar 
rooms.  Frequently  the  most  interesting  conversations  occurred  at  the 
tables  of  halls  and  lobbies  of  the  house  of  scientists,  and  sometimes 
also  during  the  journeys,  in  a  weed,  the  most  valuable  were  the 
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scientific  contacts  between  the  scientists  of  different  institutes 
and  different  countries. 

On  behalf  of  gathering  at  the  conference  I  would  want  to  thank 
the  colleagues  of  technical  committee,  its  translators  and  workers  of 
the  house  of  scientists,  whose  mcdast  work  aided  our  work  and  made 
its  effective. 

Large  appreciation  to  all  lecturers  and  participants  in  the 
conference  for  their  creative  contribution. 

SoAv8  to  wish  to  ail  to  you  to  preserve  the  good  memory  about 
this  II  All-Union  conference  on  charged  particle  accelerators,  about 
our  capital  -  ,'ioscow  and  about  our  great  socialist  native  land.  To 
the  neeting  through  two  years. 
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